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The ob j ec t i ve  of t h i s  s tudy was t o  eva lua t e  t h e  combining a b i l i t y ,  
h e t e r o s i s  and var iance  components of a s e t  of s e l e c t e d  r e s t o r e r s  and 
male s t e r i l e  i n  sorghum f o r  t h e  fol lowing cha rac t e r s :  days t o  50% flower- 
ing ,  p l a n t  he ight ,  pan i c l e  l eng th ,  g r a in  y i e l d  pe r  pan i c l e ,  number of 
g r a in s  pe r  p a n i c l e ,  thousand g r a i n  weight,  g r a i n  breaking s t r eng th ,  
% f l o a t e r s ,  8 water absorp t ion ,  f l o u r  p a r t i c l e  s i z e  index, r o l l i n g  q u a l i t y  
of t h e  dough and g e l  spreading. 
Twenty pa ren t a l  l i n e s  - 11 male s t e r i l e s  and 9 r e s t o r e r s  and 
t h e i r  99 hybrids formed t h e  experimental ma te r i a l .  Parents  and hybrids 
were planted i n  adjacent  t r i a l s  in a  RBD design with t h r e e  r e p l i c a t i o n s  
each. The combining a b i l i t y  a n a l y s i s  followed a  l i n e  x t e s t e r  mating 
system. 
The experiments were c a r r i e d  out  under r a in fed  condi t ions  during 
t h e  ra iny  (Kharif) and post-rainy (Rabi) seasons of 1982 a t  ICRISAT 
-
Center,  Patancheru, A.P., India.  
S ign i f i can t  v a r i a t i o n  was observed i n  t h e  genotypes s tud i ed  f o r  
most of t he  cha rac t e r s  analysed. General ly t h e  r e s t o r e r s  showed l a r g e r  
v a r i a t i o n  than t h e  male s t e r i l e  l i n e s .  
S ign i f i can t  l e v e l s  of h e t e r o s i s  and h e t e r o b e l t i o s i s  were observed 
fo r  p l an t  he ight ,  g r a in  y i e l d  pe r  pan ic l e ,  g r a in  number per  panic le  and 
% f l o a t e r s .  
Dominance was i n  t h e  d i r e c t i o n  of  e a r l i n e s s ,  increased he ight ,  
panic le  length,  g r a i n  number and y i e l d ,  decreased seed weight, % f l o a t e r s ,  
f l o u r  p a r t i c l e  s i z e  and g e l  spreading. 
The r e s u l t s  revealed t h a t  most of t h e  agronomic and g ra in  qua l i t y  
charac ters  were highly inf luenced by a d d i t i v e  gene ac t ion .  However, 
g r a in  y i e l d  per  pan ic l e  and number of g r a i n s  per panic le  showed some 
evidence of non-additive gene ac t ion  too. 
combining a b i l i t y  e f f e c t s  were s i g n i f i c a n t l y  a f fec ted  by t h e  
environment. Information on combining a b i l i t y  together  with parenta l  
performance per se  could help breeders  i n  t h e  evaluat ion of a l a rge  
--
number of parents  f o r  hybrid performance. 
Based on the  performance of t h e  hybrids and t h e  GCA es t ima tes ,  
t h e  following parents  seemed t o  be useful  f o r  a hybrid breeding program: 
623A, 296A, MA4, MA6, MR849 and MR867 f o r  t h e  Kharif and 6?3A,  MA3, 
MR867 and MR864 f o r  the  Rabi. 
-
Since t h e  characters  s tudied were mainly con t ro l l ed  by add i t ive  
gene act ion,  breeding methods which exp lo i t  t h i s  type of gene t i c  var ia-  
t i o n  should be rewarding. 
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, I  INTRODUCTION 
Sorghum i s  grown a s  a s t a p l e  food crop  in t h e  Semi-Arid Tropics  
(SAT) by mi l l i ons  of small farmers. However, t h e  average y i e l d s  o f  t h e  
crop in t h e  SAT i s  f a r  below t h e  y i e l d s  achieved in t h e  developed 
na t ions  where it i s  used a s  animal feed. Although 75% of t h e  world 
sorghum acreage i s  represented  i n  t h e  Asian and African con t inen t s ;  
t h e i r  cont r ibu t ion  t o  t h e  t o t a l  world sorghum product ion is on ly  41% 
(FAO, 1982) and gra in  y i e l d s  average around 700 kg/ha. 
In  developing na t ions  l i k e  Ind i a ,  commercial sorghum hybr ids  were 
re leased  f o r  c u l t i v a t i o n .  However, t h e  a r ea  p lan ted  wi th  t h e s e  hybrids 
continues t o  be low in seve ra l  regions (Pushpanma and Chitemma Rao, 1981).  
One of t h e  reasons f o r  t h e  poor acceptance ,of t h e  improved hybrids by 
t h e  farmers has been t h e i r  poor food qua l i t y .  
Improvement of  t h e  consumer q u a l i t y  cha rac t e r s  i s  l imi t ed  due t o  
t h e  lack  of r e l i a b l e  screening  techniques  and t h e  poor knowledge of t h e i r  
i nhe r i t ance  (Doggett, 1977). On t h e  o t h e r  hand, commercial product ion of 
hybrid seed has genera l ly  been wrought w i th  d i f f i c u l t i e s .  Non-synchrony 
in t h e  flowering of  t h e  male and female p a r e n t s  r e s u l t e d  i n  s taggered 
p l an t ings  and r e s t r i c t i o n  o f  t h e  a r e a s  of seed product ion t o  a few 
d i s t r i c t s  where t h e  f lowering behaviour was p red i c t ab l e  (Chopra, 1982). 
Therefore t h e  ICRISAT Sorghum Improvement Program has attempted 
t o  i d e n t i f y  non-res torers  in a d ive r se  a r r a y  of  breeding s tocks  in an 
e f f o r t  t o  develop an increased number of  u se fu l  seed p a r e n t s  
(Murty e t  a l .  1983). 
The ob jec t ive  of t h i s  s tudy was t o  eva lua t e  and compare t h e  
genet ic  p o t e n t i a l  o f  a  group of r e s t o r e r s  and male s t e r i l e  p a r e n t s  
r ecen t ly  developed a t  ICRISAT wi th  hybrid p a r e n t s  c u r r e n t l y  being 
used i n  India. Therefore a l i n e  x t e s t e r  experiment of  20 pa ren t s  
was evaluated i n  Kharif and Rabi seasons of 1982 so a s  t o  provide 
-
information on (I) combining a b i l i t y  parameters f o r  a  range of  
agronomic and g ra in  q u a l i t y  t r a i t s ,  (11) ex ten t  of h e t e r o s i s  over  
supe r io r  parent  and (111) type  o f  gene ac t ion  con t ro l1  ing agronomic 
and t h e  q ra in  q u a l i t y  t r a i t s  s tudied.  
Resul ts  of t he se  experiments form t h e  sub jec t  of this t h e s i s .  
Informations obtained from t h i s  s tudy should he lp  b reede r s  i n  choos- 
ing appropr ia te  pa ren t s  ou t  of those  eva lua ted  f o r  hybrid product ion 
and p lan  s u i t a b l e  breeding procedures. 
11. REVIEW OF LITERATURE 
11.1. GENETIC COMPONENTS 
11.1.1. Testers  and combining a b i l i t y  
The use of t e s t c r o s s  t o  es t imate  t h e  value of inbred l i n e s  
i n  a breeding program s t a r t e d  with Jenkins and Brunson (1932) i n  maize. 
According t o  Hallauer and Miranda (1981) the  use of t e s t  crosses  i n  
maize breeding, which can be extended f o r  any o t h e r  crop species ,  has 
the  following objectives:  
(i) evaluation of combining a b i l i t y  of inbred l i n e s  i n  a 
breeding program; o r  
(ii) evaluation of breeding values of genotypes f o r  population 
improvement. 
Studies on combining a b i l i t y  a r e  useful  t o  understand the  nature 
of genet ic  variance. They help  t h e  breeder t o  choose su i t ab le  parents  
f o r  developing e i t h e r  hybrids o r  v a r i e t i e s .  The concepts of  general 
and s p e c i f i c  combining a b i l i t y  were introduced by Spraque and Tatum 
(1942) who designated general  combining a b i l i t y  (GCA) a s  the  average 
performance of a l i n e  in  hybrid combinations. The term s p e c i f i c  cornbin- 
ing a b i l i t y  (SCA) was appl ied  t o  those cases  where c e r t a i n  hybrid 
combinations d id  r e l a t i v e l y  b e t t e r  o r  worse than would be expected on 
the b a s i s  of the  average performance of the  l i n e s  involved. 
Green (1948b) working with F genera t ions  o f  maize drawn from 2 
crosses  of high x high, high x low, and low x low combining inbred 
l i n e s  was able  t o  show t h a t  combining a b i l i t y  is an inhe r i t ed  charac ter .  
Sprague and Tatum (1942) a l s o  emphasized t h a t  es t imates  of 
GCA and SCA a r e  r e l a t i v e  t o  and dependent on a  p a r t i c u l a r  s e t  of  inbred 
l i n e s  involved in  t h e  hybrids under t e s t .  GCA was r e l a t i v e l y  more 
important than SCA f o r  unselected inbred l i n e s  while  SCA was more 
important f o r  previously se lec ted  l i n e s  of maize. 
I t  i s  now genera l ly  recognized t h a t  the  GCA e f f e c t  i s  the r e s u l t  
of addi t ive  gene ac t ion  and t h a t  SCA i s  l a r g e l y  dependent on genes wi th  
dominance o r  e p i s t a t i c  e f f e c t s .  
Gr i f f ing  (1956b) showed t h a t  f o r  homozygous parents  (inbreeding 
2 
coe f f i c i en t  F = l ) ,  t h e  genetic  variance a G (variance among hybrids) can 
be expressed i n  terms of  combining a b i l i t y  variance a s  follows: 
2 2 2 
a G = 20 GCA + a SCA .... E q  1 
2 2 
where o GCA and a SCA a r e  the  var iances  for  general  and s p e c i f i c  combin- 
2 ing a b i l i t y  e f f e c t s  respec t ive ly .  a GCA i s  an average e f f e c t  and r e f l e c t s  
. . 
t h e  degree of resemblence among ha l f  s i b s  (HS), so t h a t  f o r  F=l  we have: 
where Cov (HS) = Covariance among ha l f  s i b  progenies. The t o t a l  genet ic  
2  
variance a G i n  t h e  populat ion i s  r e f l e c t e d  by t h e  resemblence among f u l l  
s i b  fami l ies  (FS) ,  so t h a t  f o r  -1, i t s  equation i s  a s  follows: 
However, from Eq 1 
2 2 Replacing a G and a SCA from Eq 2 and Eq 3 respect ively ,  we have 
2 
a SCA = Cov (FS) - 2 Cov (HS) 
2 2 2 2 
0 SCA = (a A + ...)- 2 ( 1 / 2 ~  A + 1 / 4  0 AA + ... ) 
2 2 2 2 2 
0 SCA = 0 D t 1/2 0 A A +  U AD + o DD ++ ... 
thus,  combining a b i l i t y  variance components may r e f l e c t ,  addi t ive  e f f e c t s  
and addit ive i n t e r a c t  ions,  while spec i f i c  combining a b i l i t y  variance 
components may r e f l e c t  dominance and e p i s t a s i s ,  p lus  components of 
addit ive e p i s t a s i s  (Rojas and Sprague, 1952). 
The concept of a good t e s t  has been another question for  most of 
the  breeding programs. Matzinger (1953) defined a des i rable  t e s t e r  as  
one t h a t  combinies the  g rea tes t  s impl ic i ty  i n  use with maximum informa- 
t i o n  on the performance t o  be expected from the  t e s t ed  l ines .  Neverth- 
l e s s  Allison and Curnow (1966) assessed t h a t  the  bes t  t e s t e r  is the one 
t h a t  maximizes the  expected mean y ie ld  of the  va r i e ty  produced by 
random mating the  se lec ted genotypes. 
Green (1948a) comparing maize progenies from crosses using tw 
t e s t e r s  pointed out t h a t  the  average pe r fonance  was a b e t t e r  estimate 
of combining a b i l i t y  than is  t h e  top  c r o s s  performance of e i t h e r  
t e s t e r  alone. 
Kempthorne and Curnow (3961) brought out  t h a t  i f  common 
t e s t e r s  a r e  t o  be used t o  est imate t h e  y ie ld ing  capac i t i e s  of crosses  
between the  inbred l i n e s ,  it implies t h a t  we have t o  make t h e  assum- 
ption t h a t  the  general combining a b i l i t y  of each inbred l i n e  r e l a t i v e  
t o  the  common t e s t e r s  is the  same a s  i t s  general  combining a b i l i t y  
r e l a t i v e  t o  a l l  t h e  o the r  inbred l ines .  
Regarding t h e  se lec t ion of t e s t e r s  t o  heterogeneous population, 
Cress (1966) concluded t h a t  it can be done on t h e  average performance 
of t h e  t e s t  cross  i.e.,  t h e  t e s t e r  with the  highest  average c ross  perfor-  
mance i s  chosen. He a l s o  assessed t h a t  i f  the  se lec ted genotypes a re  
not t o  be used immediately in hybrid combination with t h e  t e s t e r  t h i s  
emphasis on h e t e r o t i c  response i s  misplaced s ince  it reveals  l i t t l e  
concerning t h e  genet ic  po ten t i a l  and nothing concerning the  expected 
r a t e  of progress from select ion.  
On t h e  s tage  of tes t ,Hal lauer  and Miranda (1981) reported t h a t  
some form of e a r l y  generation t e s t i n g  i s  included i n  most breeding 
programs. However, t h i s  does not imply t h a t  a pe r fec t  r e l a t ion  e x i s t s  
between the  i n i t i a l  and l a t e r  generations of inbreeding, s ince  ea r ly  
t e s t i n g  was designed t o  separa te  the  population of l i n e s  in to  good and 
poor groups f o r  combining a b i l i t y .  According t o  Sprague (19461, ea r ly  
t e s t i n g  is  based on tm assumptions: (i) t h e r e  a r e  marked d i f fe rences  
in combining a b i l i t y  among open-pollinated p l a n t s  and (ii) se lec ted  
samples based on t e s t s  of combining a b i l i t y  of SO (va r i e ty )  o r  S1 
(advanced generations of a hybrid) p l a n t s  o f f e r  a l a r g e r  proportion of 
superior l i n e s  upon inbreeding and then se lec t ion  does a more near ly  
random sampling of combining a b i l i t i e s  drawn from t h e  same population 
than on the bas i s  of v i sua l  se lec t ion  alone. 
Several a r e  the  procedures t o  es t imate  t h e  combining a b i l i t y .  
Hayman (1954a,b and 1958) proposed an analys is  of d i a l l e l  crosses  t o  
obtain genetic components of va r i a t ion  with t h e  following assumptions: 
1. Diploid segregation ; 
2. Only environment d i f ferences  between reciprocal  crosses;  
3. Independent ac t ion  of non-al le l ic  genes; 
and i n  t h e  parents ;  
4 .  No multiple a l l e l i sm;  
5. Homozygosity; 
6 .  Genes independent d i s t r ibu ted .  
Gri f f ing (1956a) presented a generalized evaluation of the use 
of the  d i a l l e l  crosses  i n  quan t i t a t ive  inher i tance  s tud ies  and the  term 
d i a l l e l  was used t o  r e f e r  s i t u a t i o n s  which P inbred l i n e s  a r e  chosen t o  
2 give maximum of P progenies (crosses, including reciprocals  and se l fed  
progenies). Four experimental methods were described, depending on 
whether parents  and rec ip roca l s  crosses  were included o r  not. For 
each method t h e  b a s i s  f o r  sampling t h e  experimental mater ia l  gave r i s e  
t o  two models: I and 11. In  t h e  model I t h e  experimental l i n e s  used 
were referred a s  the  population about which inferences  were t o  be 
made. In t h e  model I1 t h e  parent  population re fe r red  t o  was a random 
mating population i n  equil ibrium, and t h e  s p e c i f i c  s e t  of experimental 
l i n e s  used were considered a random sample from a population of inbred 
l i n e s  derived from t h e  parent  population by an inbreeding system f r e e  
from s i t u a t i o n s  which could change gene frequencies. 
Sprague (1966) pointed out  t h a t  t h e  s t a t i s c a l  g e n e t i c i s t s  may 
argue t h a t  the  pa ren ta l  l i n e s  should represent  random der iva t ives  from 
a random mating population. In t h i s  case t h e  variances of GCA and SCA 
can be considered a s  es t imates  of  population parameters. On the  o the r  
hand, the  breeder i s  l e s s  concerned with population c h a r a c t e r i s t i c s  
and is  more i n t e r e s t e d  i n  gene ac t ion  wi thin  a given s e t  of se lec ted 
inbred l ines .  In  such s i t u a t i o n s  the  pa ren ta l  l i n e s  themselves a r e  t h e  
reference population about which inferences  can be made. 
Kempthorne and Curnow (1961) proposed methods t o  analyse 
p a r t i a l  d i a l l e l  crosses  where only a random s e t  of crosses i n  t h e  PxP 
matrix a r e  made. 
Another popular method t o  study t h e  combining a b i l i t y  of inbred 
l i n e s  is  t h e  l i n e  x t e s t e r ,  introduced by Comstock and Robinson (1948, 
1952) and Kempthorne (1957). In  t h i s  design a s e t  of female parents  (n) 
a r e  crossed with a gene t i ca l ly  d i f f e r e n t  s e t  of male parents  (m) i n  
a l l  possible combinations resu l t ing  a t o t a l  of mn progenies,  presented 
by a MxN matrix a s  follows: 
Table 1. Matrix M x N showing a l l  poss ible  combinations i n  a l i n e  x 
t e s t e r  mating system with m - males and - n females. 
Males Females 
One of the  main advantages of t h i s  method when compared t o  the  
o thers  presented before i s  t h a t  it enables the  breeder t o  t e s t  a t  one 
time a higher number of inbred l ines .  
Many s tud ies  were ca r r i ed  out t o  es t imate  the  combining a b i l i t y  
e f f e c t s  in severa l  crop species  l i k e  maize (Horner, 1963; Horner e t  d l . ,  
1963; Purdy e t  a l . ,  1965; Widstrom, e t  al . ,  1972; Harvil le e t  a l . ,  1978; 
El-Rouby e t  a l . ,  1979; Nawas e t  a l . ,  1981 and El- I t r iby e t  a l . ,  1981); 
wheat (Kronstad and Foote, 1964; Matuz e t  a l . ,  1974; Bedair e t  d l . ,  1979 
and Abul-Nass e t  a l . ,  1981a,b) ; barley (~padhyaya and Rasmusson, 1967) ; 
cotton (Marani, 1963; Miller  and Marani, 1963; Hawkins, e t  a l . ,  1965; 
Marani, 1967; and Wilson e t  a l . ,  1980); a l f a l f a  (Kehr, 1961j ~ a v i s  and 
Paton, 1962) and tobacco (Jones e t  a l . ,  1972 and Aycock, 1972) and so on. 
11.1.1.1. Combining a b i l i t y  i n  sorghum: Kambal and Webster (1965) 
worked on da t a  c o l l e c t e d  ove r  two y e a r s  from a s e t  o f  190 hybr ids  
obta ined  by c ros s ing  10 male s t e r i l e  l i n e s  and 19 r e s t o r e r s .  They 
2 2 
concluded t h a t  both a GCA and a SCA were important  and s t a b l e  over  
years  f o r  g ra in  y i e ld .  
Niehaus and P i c k e t t  (1966) s t u d i e d  a d i a l l e l  c r o s s  i n  two 
genera t ions ,  F and F and poin ted  ou t  t h a t  GCA e f f e c t s  were h igh  i n  1 2 
F and F while SCA e f f e c t s  were s i g n i f i c a n t  on ly  dur ing  F f o r  g r a i n  1 2 1 
y i e l d  and number of seeds  p e r  pan ic l e .  
Be i l  and Atkins (1967) s tud i ed  t h e  performance of 40 F hybr ids  1 
obta ined  by c ros s ing  5 male s t e r i l e  l i n e s  w i th  8 r e s t o r e r s  a t  3 loca-  
t i o n s  over  two yea r s  and found t h a t  GCA va r i ances  f o r  g r a i n  y i e l d ,  
number o f  seeds  pe r  head, number of  heads p e r  p l a n t ,  and 100 seed weight 
were much l a r g e r  than  SCA var iances .  
Liang (1967) worked wi th  a 6 x 6 d i a l l e l  c r o s s  and poin ted  out  
t h a t  wi th  few except ions  GCA and SCA i n t e r a c t e d  wi th  l o c a t i o n s  s i g n i f i -  
c a n t l y  f o r  a l l  t h e  c h a r a c t e r s  s tud ied .  
Malm (1968) s tud i ed  a s e t  o f  hybr ids  developed from c ros se s  
between American and Afr ican  genotypes. I t  was concluded t h a t  f o r  g ra in  
y i e l d ,  seed s i z e  and p r o t e i n  con ten t  a d d i t i v e  gene a c t i o n  was much more 
important than non-addit ive gene ac t ion .  
Rao (1970) examined a s e r i e s  o f  c r o s s e s  involv ing  a  wide 
range of pa ren t s  of  e x o t i c  and Indian  o r i g i n .  Combining a b i l i t y  
e f f e c t s  f o r  g r a i n  y i e l d  from c r o s s e s  between Indian  x e x o t i c  pa ren t s  
i nd i ca t ed  t h a t  both GCA and SCA va r i ances  were o f  equal  magnitude, 
thereby  i n d i c a t i n g  t h e  importance of  n o n - a l l e l i c  i n t e r a c t i o n s  i n  
inf luenc ing  y ie ld .  It was a l s o  s t a t e d  t h a t  f o r  days t o  f lowering 
and p l a n t  he igh t  t h e  gene a c t i o n  was e s s e n t i a l l y  a d d i t i v e .  
S tud ie s  c a r r i e d  out  by Govil and Murthy (1973) Shinde and 
Sudewad (1980b) ,Sr ihar i  and Nagur (1980) and Dabholkar and Baghel 
(19806) showed t h a t  bo th  a d d i t i v e  and non-addit ive gene a c t i o n  were 
involved in t h e  i nhe r i t ance  a t  g r a i n  y i e ld .  
Govil and Murthy (1973) found t h a t  t h e  b e s t  gene ra l  combiners 
were a l s o  involved i n  t h e  b e s t  s p e c i f i c  combinations, i n d i c a t i n g  t h a t  
p r ed i c t i ons  of y i e l d s  of  hybr ids  based on GCA e f f e c t s  of t h e  pa ren t s  
should gene ra l ly  be va l id .  
Matte1 (1974) working i n  Venezuela w i th  a  l i n e  x t e s t e r  c ros s  
of  8 male s t e r i l e  l i n e s  and 4 r e s t o r e r s  eva lua ted  over  t h r e e  l oca t ions  
observed t h a t  var iance  due t o  a d d i t i v e  e f f e c t s  was s eve ra l  t imes 
l a r g e r  than t h e  var iance  due t o  non-addit ive e f f e c t s  f o r  g ra in  y ie ld .  
He concluded a l s o  t h a t  t h e  screening  of  p a r e n t s  based on t h e i r  GCA 
should be e f f e c t i v e .  
Paisan (1975) analysed d a t a  from a  s e t  o f  s i n g l e  and three-way 
c ros se s  and found t h a t  f o r  bo th  kind of  hybr ids ,  GCA e f f e c t s  of r e s t o r e r s  
l i n e s  accounted f o r  t h e  l a r g e s t  p o r t i o n  o f  v a r i a t i o n  expressed f o r  
g ra in  y i e l d ,  heads p e r  p l a n t ,  seeds p e r  head and 100 seeds weight. 
S ign i f i can t  e f f e c t s  of  GCA f o r  females were expressed f o r  a l l  t h e  
cha rac t e r s  s tud ied  i n  t h e  s i n g l e  c ros se s .  However, t h e  v a r i a t i o n  
a t t r i b u t a b l e  t o  s p e c i f i c  combining a b i l i t y  e f f e c t s  made only  s l i g h t  
cont r ibu t ion  t o  t h e  i nhe r i t ance  of a l l  t h e  t r a i t s  i n  both types  of 
hybrids.  
Chavan and Nerkar (1978) s tud i ed  a  d i a l l e l  c ros s  of four  
v a r i e t i e s ,  tw adapted f o r  khar i f  and two adapted f o r  r a b i  seasons and 
-
found t h a t  a d d i t i v e  gene a c t i o n  was predominant f o r  days t o  flowering, 
p l a n t  height  and pan ic l e  length.  For g r a i n  y i e l d  pe r  head, t he  conclu- 
s ion was t h a t  during khar i f  t h e  cha rac t e r  was mostly con t ro l l ed  by 
add i t i ve  e f f e c t s  but  i n  r a b i ,  it was predominantly con t ro l l ed  by non- 
-
add i t i ve  gene ac t ion .  
On t h e  o t h e r  hand seve ra l  s t u d i e s  showed t h e  predominance of 
non-additive e f f e c t s  i n  t h e  con t ro l  of  g r a i n  y i e l d  i n  sorghum. For 
example Nagur and Murthy (1970) and Nagur and Menon (1974) showed non- 
add i t i ve  gene a c t i o n  f o r  head weight,  g r a i n  weight,  volume of 100 g ra in s  
and dens i ty  dur ing  t h e  winter  season i n  India .  
Shankaregouda e t  a l .  (1972) i n  a  l i n e  x t e s t e r  study pointed 
out t h a t  p lan t  height and days t o  flowering were mostly control led  by 
addi t ive  gene e f f e c t s ,  whereas, y ie ld  and number of g ra ins  per  panic le  
were l a rge ly  control led  by non-additive gene e f fec t s ;  
Similar  r e s u l t s  were a l s o  found by Goud e t  a l .  (19731, Shahane 
and Bapat (19811, Shinde and Sudewad (19811, and Rao e t  a l .  (1981). 
To summarise, it can be concluded t h a t  several  combining a b i l i t y  
s tud ies  in grain sorghum indicated t h a t  most of the  characters  which 
form y ie ld  components a r e  largckly controlled by GCA e f f e c t s  while 
complex characters  l i k e  gra in  y ie ld  and gra in  number a re  control led  
by GCA a s  w e l l  SCA e f f e c t s .  
Regarding forage sorghum Chavda and Drolsom (1970) reported t h a t  
p lant  height,  node number, t i l l e r  number, leaf  length and dry matter  
y ie ld  showed high spec i f i c  combining a b i l i t y  values suggesting t h a t  
the  manifestation of the  h e t e r o s i s  was spec ia l ly  due t o  t h i s  component 
of combining a b i l i t y .  
Boora and Lodhi (1981) studied crosses  from 1 7  male s t e r i l e  
l i n e s  and 5 r e s t o r e r s  were t e s t e d  over two locat ions  and concluded t h a t  
variances fo r  spec i f i c  combining a b i l i t y  were higher fo r  number of 
leaves per p lan t ,  l ea f  length,  l ea f  breadth, leaf  weight, green fodder 
y ie ld  per p lan t  and dry fodder y ie ld  per p lant .  However, for  days t o  
flowering, p lant  height,  stem thickness,  and stem weight, t h e  variance 
due t o  GCA was higher. 
Neverthless o the r  s t u d i e s  l i k e  T r i p a t h i  e t  a l .  (1977) and 
Dangi e t  a l .  (1980) concluded t h a t  a d d i t i v e  gene t i c  variance was 
predominant f o r  number of  leaves  per  p l a n t ,  days t o  f lowering,  fodder 
y ie ld  and t e s t  weight. 
Boora and Lodhi (1982 ) a l s o  found predominant non-additive 
genet ic  variance fo r  tannin  content  and a d d i t i v e  gene t i c  variance 
f o r  HCN content. 
11.1.2. Heterosis:  
The phenomenon of h e t e r o s i s  was observed more than two 
cen tu r i es  ago, however the  term h e t e r o s i s  was coined only i n  1908 by 
Shu l l ,  (Duvick and Brown, 1981) t o  express the  unusual vigour of t h e  
F generation r e s u l t i n g  from t h e  hybr idizat ion of two inbred l i n e s  of 1 
maize. Mather and Jinks (1971) defined he te ros i s  a s  the  amount by 
which the mean of any F family exceeds i t s  b e t t e r  parent .  1 
Heteros is  has been observed i n  severa l  crops l i k e  maize (Cress, 
1966; El-Rouby e t  a l .  1979; and Nawar e t  a l .  1980) ; sorghum (Rao and 
Murthy, 1970; Goud and Sas t ry ,  1974; Vasudeva Rao and Goud, 1975); 
wheat (Bedair e t  a l . ,  1979) po ta to  (Tarn and Tai ,  1977) ; long bean 
(Mak and Yap, 1977) ;  peas (Gr i t ton ,  1975);  c h i l i  peppers (Lippert ,  
1975) ; sesame (Murty, 1975) and so on. 
There a re  two important t h e o r i e s  t o  explain t h e  phenomenon of 
heteros is :  (I) t h e  dominance theory proposed by Bruce (1910) and 
Keable and Pellow (1910) and (11) t h e  overdominance theory  a s  establi- 
shed by Shu l l  (1908) and East  (1908). 
The f i r s t  q u a n t i t a t i v e  s t u d i e s  on h e t e r o s i s  t r i e d  t o  i n d i c a t e  
t h e  importance of overdominance a s  t h e  cause of h e t e r o s i s  i n  maize. 
However, t h e  e s t ima te s  were b iased  due t o  t h e  presence of l inkage  
(Hallauer and Miranda, 1981) . 
Later ,  Gardner e t  a l .  (1953);  Sprague e t  a l .  (1962);  and 
Moll e t  a l .  (1964) were ab l e  t o  show t h a t  dominance i s  t h e  p r i n c i p a l  
cause of t h e  h e t e r o s i s .  
J inks  and Jones (1958) repor ted  t h a t  t h e  presence o r  absence 
of h e t e r o s i s  i s  not  by i t s e l f  i n d i c a t i v e  of presence o r  not  of any 
p a r t i c u l a r  type of gene ac t ion  o r  i n t e r a c t i o n .  There is, however, a  
c o r r e l a t i o n  between t h e  presence o r  absence of non -a l l e l i c  i n t e r a c t i o n s  
and he t e ros i s .  
Mather and J i n k s  (1971) poin ted  ou t  t h a t  l inkage  l eads  t o  an 
overest imation of e p i s t a s i s .  The summed e f f e c t s  of t h e  ind iv idua l  
l inked  genes, and t h e  n o n - a l l e l i c  i n t e r a c t i o n s  lead  t o  apparent  dominance. 
The mani fes ta t ion  of h e t e r o s i s  depends a l s o  on t h e  gene t i c  
divergence of t h e  tm p a r e n t a l  v a r i e t i e s  (Pa t e rn i an i  and Longuist, 1963; 
Moreno-Gonzales and Dudley, 1981). Hallauer  and Miranda (1981) have 
shown t h a t  gene t i c  divergenece among v a r i e t i e s  i s  d i f f i c u l t  t o  be 
predicted and t h e  only way t o  determine its l e v e l  i s  through v a r i e t a l  
crosses. I f  t h e  magnitude of h e t e r o s i s  manifested from t h e  c ros s  of 
two parenta l  v a r i e t i e s  is r e l a t i v e l y  l a r g e ,  it can be concluded t h a t  
t he  two parenta l  v a r i e t i e s  a r e  g e n e t i c a l l y  more d ive r se  than two 
v a r i e t i e s  t h a t  manifest l i t t l e  o r  no h e t e r o s i s  i n  t h e i r  F hybrids. 1 
Falconer (1981) defined h e t e r o s i s  a s :  
where &l i s  t h e  magnitude of h e t e r o s i s  from t h e  c ros s  of two l i n e s  
- 
o r  populations; d  i s  t h e  amount of  dominance e f f e c t s  contr ibuted by 
- 
t he  parenta l  l i n e s  o r  v a r i e t i e s  and 1 i s  t h e  degree of d i s s i m i l a r i t y  
between the  r e l a t i v e  gene frequency of t h e  l i n e s  o r  populat ions 
involved. 
Although supe r io r i t y  of t h e  hybrids was known s ince  a  long time, 
it was only a f t e r  t h e  twent ies  when the  development of the inbred l i n e  
theory took p lace  t h a t  t he  commercial exp lo i t a t i on  of hybrids s t a r t e d  
(Hallauer and Miranda, 1981). 
11.1.2.1. Heterosis  i n  sorghum: E a r l i e r  s t ud i e s  showed t h e  p o s s i b i l i t y  
of exp lo i t a t i on  of he t e ros i s  in sorghum almost around the  same time a s  
i n  maize (Conner and Karper, 1927; Karper and Quinby, 1937; Bar te l ,  1949). 
However, only during t h e  f i f t i e s ,  with t h e  discovery of a  cytoplasnic-  
gene t ic  male-s te r i le  source in t h e  Dwarf Yellow Milo va r i e ty ,  t he  sorghum 
hybrids  s t a r t e d  t o  be c o m e r c i a l l y  exp lo i t ed  (Stephens and Holland, 
1994). 
I n  Ind ia ,  Argikar and Chavan (1957) found i n  sorghum t h a t  t h e  
magnitude of h e t e r o s i s  f o r  pan i c l e  l eng th  was up t o  59% over  t h e  
super ior  parent .  
Arnon and Blum (1962) s t ud i ed  t h e  performance of seven hybrids  
and four  commercial v a r i e t i e s  and concluded t h a t  t h e  most s i g n i f i c a n t  
aspec t  of t h e  hybr ids  was i n  t h e  increased average of y i e l d  pe r  head 
and a  g r e a t e r  number of seeds per  head. S imi l a r  r e s u l t s  were obtained 
by Subramanian e t  a l .  (1962) ; Niehaus and P i c k e t t  (1966) ; and Blum 
(1970). 
Quinby (1963) concluded t h a t  a p a r t  from t h e  y i e l d  cha rac t e r s ,  
h e t e r o s i s  i s  expressed i n  e a r l i e r  blooming, increased  t i l l e r i n g  and height .  
Arnon and Blum (1965) observed through a  s tudy w i th  a  hybrid (RS610) 
and wel l  adapted v a r i e t i e s  t h a t  a  cons iderab le  i n i t i a l  advantage was 
acquired by t h e  hybrid due t o  i t s  e a r l i e r  growth. They mentioned t h a t  
during t h e  seed l ing  s t age ,  t h e  hybrid developed a  much g r e a t e r  l e a f  
su r f ace  pe r  p l a n t  and per  u n i t  a r ea  and t h a t  t h e  roo t  production was 
a l s o  cons iderab ly  higher  than i n  t h e  v a r i e t i e s .  These observat ions were 
confirmed l a t e r  by K a m b a l  and Webster (1966) and ~ a t a n o t h a i  and Atkins 
(1971). 
Rao and House (1966) found i n  India  t h a t  contary t o  t h e  expecta- 
t ions ,  t h e  extent  of h e t e r o s i s  obtained from exo t i c  x  Indian c rosses  
was lower than exot ic  x  exo t i c  hybrids. 
Chiang and Smith (19618) s tudied a  7 x 7 d i a l l e l  c ross  and 
suggested t h a t  the  source of h e t e r o s i s  i n  p l a n t  height could be due t o  
the  accumulation of dominant genes from each parent  i n  the  heterozygote 
s ince  the re  was no s ing le  c ross  showing non-al le l ic  in te rac t ions  when 
t e s t e d  by J i n k s '  l i n e a r  add i t ive  model. 
Kirb and Atkins (1968) t e s t e d  a  s e t  of 24 F hybrids and t h e i r  1 
respect ive  parents  over two years and concluded t h a t  the  g r e a t e s t  
he te ro t i c  response was observed f o r  g ra in  yield.  The hybrids averaged 
22% over the  mid parents.  S imilar  r e s u l t s  were a l s o  obtained by Liang 
e t  a l .  (1972); Iqbal  e t  a l .  (1974); Kambal e t  a l .  (1976); Paisan and 
Atkins (1977), Sodani and Charturverdi  (1978) ; Desai e t  a l .  (1980) ; 
G i r i r a j  and Goud (1981) and Pate1 e t  a l .  (1982). 
Quinby (1970) measured l ea f  blade width and length  of parents  
and hybrids and was ab le  t o  show t h a t  hybrids had smaller  leaf  blade 
area  a t  matur i ty  than female pa ren t s  and t h a t  d i f fe rences  in lea f  blade 
area did not seem t o  be an important d i f fe rence  between parents  and 
hybrids. The r e s u l t s  suggested a l s o  t h a t  sorghum hybrids have l a rge r  
meristems than the  parents  and grow f a s t e r  whenever growth i s  by c e l l  
d iv is ion.  Similar  r e s u l t s  were obtained by Blum (19771. 
C o l l i n s  and P i c k e t t  (1972) s t u d i e d  a  d i a l l e l  c r o s s  of  n ine  
p a r e n t s  and concluded t h a t  o n l y  few c r o s s e s  revea led  h e t e r o s i s  f o r  
p r o t e i n  con ten t  and none of them f o r  l y s i n e  percentage.  
Quinby (1973) showed t h a t  t h e  p r o c e s s e s  which do not inc lude  
r a t e  of  c e l l  d i v i s i o n ,  such a s  d e p o s i t i o n  of s t a r c h  o r  t h e  accumulation 
of p r o t e i n  i n  endosperm show l i t t l e  e f f e c t  due t o  hybr id  vigor .  
11.1.3. Gene a c t i o n :  
11.1.3.1. Morphological c h a r a c t e r s :  
a. Matur i ty  - The express ion  of t h i s  c h a r a c t e r  i s  l a r g e l y  inf luenced 
by t h e  photoperiod and temperature  a s  po in ted  o u t  by p i n b y  and Sher tz  
(1970) . 
Quinby and Karper (1945) observed t h a t  p l a n t  matur i ty  oE s o r q h u ~  
was c o n t r o l l e d  by t h r e e  gene p a i r s .  L a t e r ,  Quinby (1966) demonstrated 
t h e  presence of a  f o u r t h  p a i r  i n  a  Hegari v a r i e t y .  
M i l l e r  e t  a l .  (1968) s t u d i e d  i n  Texas dur ing  t h e  s m e r  season 
( long day) a  s e t  of combinations of dominant and r e c e s s i v e  a l l e l e s  of 
t h e  four  matur i ty  gene l o c i  v i z ;  Mal, Ma2, Ma3, and Ma4 and obtained a  
range i n  days t o  f lowering from 40 t o  100 days ,  w h i l e  i n  Puer to  Rico 
dur ing  s h o r t  days season o f  t h e  win te r  t h e  range was narrowed from 42 
t o  64 ,  i n d i c a t i n g  t h a t  sorghum f lowers  a t  t h e  same time i n  s h o r t  days 
bu t  not  i n  long days. 
Quinby (1973, 1974) r epo r t ed  t h a t  ma tu r i t y  genes c o n t r o l  time 
of i n i t i a t i o n  of  f l o r a l  bud, f lowering,  a s  we l l  a s  t h e  l e a f  number. 
I n  add i t i on  t o  t h e  major genes, a d d i t i v e  qene a c t i o n  was found 
t o  p l ay  a s p e c i a l  r o l e  i n  t h e  c o n t r o l  of f lower ing  (Chiang and Smith, 
1967b;Liang e t  a l . ,  1968; Nayakar, 1973; Dabholkar and Baghel, 1980a; 
I n d i  and Goud, 1981).  
A study c a r r i e d  o u t  by Ross and Kofoid (1978) wi th  sorghum did  
not  i n d i c a t e  any in f luence  by e p i s t a t i c  gene ac t ion .  
b. P l an t  he igh t  - Four l o c i  a r e  known t o  be important  i n  t h e  
g e n e t i c  c o n t r o l  of he ight  i n  sorghum, v i z ;  DW1, DW2, DW3 and DW4 (Quinby 
and Karper, 1954).  I t  was a l s o  found t h e  r e c e s s i v e  a l l e l e s  a r e  non- 
l inked  and b rachy t i c  i .e .  t h e  l eng th  of t h e  in te rnodes  i s  reduced but  
not  t h e  peduncle l eng th ,  p a n i c l e  s i z e ,  l e a f  number, and matur i ty .  
Quinby and Karper (1954) a l s o  r epo r t ed  t h a t  t h e r e  is  i n s t a b i l i t y  
i n  t h e  DW3 a l l e l e ,  s o  t h a t  v a r i a t i o n  e x i s t s  i n  he ight  between v a r i e t i e s  
of t h e  some genotype. 
Quinby and Sher tz  (1970) assessed  t h a t  each dwarf qene may 
reduced he ight  by 50 cm o r  even more i f  t h e r e  a r e  r eces s ive  a l l e l e s  
a t  t h e  fou r  l o c i .  
Quinby (1974) showed t h e  importance of 3-gene dwarf genotypes 
i n  t h e  product ion of 2-gene dwarf forage  hybr ids  using sho r t  pa ren t s  and 
revealed t h a t  1-gene dwarf hybrid can be produced by using 3-gene 
dwarf females and t h e  proper 2-gene dwarf males, mainly f o r  coun t r i e s  
l i k e  Ind ia  where t h e  importance of t h e  s t ove r  cannot be neglected.  
Ross and Kofoid (1979) were t h e  f i r s t  t o  i d e n t i f y  homozygosity 
i n  t he  D W 1  dominant a l l e l e  i n  t h e  c u l t i v a r  SC 102-9. 
The cont ro l  of p l an t  height  by a d d i t i v e  gene e f f e c t s  was 
reported by Chiang and Smith (1967b)and I n d i  & Goud(1981). However, Nayakar 
(1973) showed t h a t  non-additive gene ac t i on  was more important. 
c. Male s t e r i l i t y  - Several  f a c t o r s  con t ro l l i ng  gene t ic  male 
s t e r i l i t y  i n  sorghum through a s i ng l e  recess ive  a l l e l e  a r e  known (Karper 
and Stephens, 1936; Stephens, 1937; Ayyangar and Ponnaya, 1937; K a j j a r i  
and Chavan , 1953; and Andrews and Webster, 1971) . However, from the  
breeding poin t  of view t h e  cytoplasmic-genetic s t e r i l i t y  is  of i n t e r e s t  
i n  t he  production of commercial hybrids. 
Stephens and Holland (1954) reported t h e  discovery of t he  
cytoplasmic-genetic male s t e r i l i t y  i n  t h e  v a r i e t y  Dwarf Yellow Milo 
res tored  by t h e  genes of Kaf i r  v a r i e t i e s  nucleus. 
Mital  e t  a l .  (1958) found i n  Ind i a  another cytoplasmic male 
s t e r i l i t y  i n  t he  genotype IC2360. 
Maunder and P i c k e t t  (1959) brought ou t  t h a t  the  inher i tance  of 
cytoplasmic male s t e r i l i t y  is under monogenic con t ro l  (E) i n t e r ac t i ng  
with t h e  s t e r i l e  cytoplasm. 
Rao (1962) repor ted  male s t e r i l e  p l a n t s  i n  9 Indian v a r i e t i e s  
viz.  W-E.1, Bil ichigan,  Red Jonna, Indore Local ,  GJ103, BD8, Burma 
black,  Norghum and C.lO-2. 
Mi l l e r  and P i c k e t t  (1964) found p a r t i a l  male s t e r i l i t y  i n  
derived l i n e s  from t h e  sorghum hybr ids  R610 and R650. I t  was sugg- 
e s t e d  t h a t  p a r t i a l  male s t e r i l i t y  was c o n t r o l l e d  by two major genes. 
Ross and Hackerott (1972) r e g i s t e r e d  seven genotypes wi th  
unknown cytoplasm der ived from t h e  c rosses  from c u l t i v a t e d  and wild 
species.  
A new cytoplasmic-genetic male s t e r i l i t y  was repor ted  by 
Schertz (19771 from an Ethiopian v a r i e t y  IS1266C and IS5322C a s  
maintainer, La te r  Schertz and Ritchey (1978) t e s t e d  t h r e e  male 
s t e r i l e s  including IS1266C, which performed agronomically b e t t e r .  
The symbol A2 was given f o r  t h i s  cytoplasmic-genetic male 
s t e r i l i t y  and Scher tz  e t  a l .  (1981) re leased  t h r e e  p a i r s  of A and B 
l i n e s  wi th  A2 cytoplasm. 
Quinby (1980) presented a  hormonal theory  t o  expla in  the 
cytoplasmic-genetic s t e r i l i t y  and a l s o  pointed out  t h a t  the  Indian 
discovered cytoplasm "Maldandi", symbolized by A3 behaved s i m i l a r  
t o  IS1112C. 
Webster (1980) r epo r t ed  t h e  development of  some A l i n e s  
from t h e  cytoplasm o f  t h e  v a r i e t y  9E from Ghana. 
Scher tz  (1982) and Quinby (1982) reviewed t h e  cytoplasmic- 
g e n e t i c  male s t e r i l i t y  systems r epo r t ed  i n  sorghum. The r i s k  of  
t h e  use of on ly  one cytoplasmic source ,  namely Milo has been 
emphasized. 
11.1.3.2. Endosperm and g r a i n  q u a l i t y  c h a r a c t e r s :  
a. Endosperm t y p e s  - There a r e  two main v a r i a n t s  of  t h e  normal 
endosperm: waxy and sugary (Doggett ,  1970). Waxy endosperm s t a r c h  
c o n s i s t s  of  100% Amylopectin, whi le  normal (non-waxy) ones s b w  a 
r a t i o  of 75% Arnylopectin and 25% Amylose, Rooney and Mi l le r  (1982) 
poin ted  out  t h a t  t h e  term waxy r e f e r r e d  t o  t h e  g los sy  "Wax+l f l o o r  l i k e "  
appearence of t h e  endosperm su r f ace .  
Waxy i s  a c h a r a c t e r  c o n t r o l l e d  by t h e  gene p a i r  Waxy i s  
r eces s ive  t o  normal endosperm, and Xenia occurs  when wxwx p l a n t s  a r e  
-
p o l l i n a t e d  wi th  Wx po l l en  (Doggett , 1970). 
- 
E l l i s  e t  a l .  (1974) working wi th  c o n t r a s t i n g  genotypes of 
endosperm types ,  v i z ;  WxWxWx, WxWxwx, Wxwxwx, and wxwxwx concluded 
--
t h a t  p r o t e i n  and amino a c i d  content  were not  s i g n i f i c a n t l y  d i f f e r e n t  
f o r  t h e  four  genotypes a s  we l l  a s  i n  v i t r o  p ro t e in  d i g e s t i b i l i t y  of 
ground grain.  However i n  v i t r o  s t a r c h  d i g e s t i b i l i t y  of 
-- 
p u r i f i e d  s t a r ch  from ground g ra in s  pretreated wi th  pronase increased 
s i g n i f i c a n t l y  with each add i t i ona l  dose of t h e  waxy a l l e l e .  
Regarding t h e  sugary t ype ,  Karper and Quinby (1963) concluded 
t h a t  i t s i i n h e r i t a n c e  wad due t o  a  recess ive  a l l e l e  - su  and t h a t  no 
l inkage was found between - su  and waxy o r  yellow seed cont ro l .  The 
sugary g r a in s  showed dimpling of t h e  endosperm. 
b. Endosperm t e x t u r e  - E l i s  (1975) found ou t  t h a t  corneous 
t ex tu re  was simply i nhe r i t ed  and p a r t i a l l y  dominant t o  f l ou ry  and concluded 
t h a t  t h e  va r i a t i on  i n  t e x t u r e  of sorghums c l a s s i f i e d  a s  intermediate  
may be inf luenced by s eve ra l  modifying genes. It  was assumed t h a t  
most of t he  va r i a t i on  was g e n e t i c a l l y  induced. 
c. Endosperm color  - Wayne (1971 ) concluded from r s . s u l t s  obtained 
due t o  c rosses  between normal and yellow endosperm t h a t  i t s  inher i tance  
is probably cont ro l led  by more than two genes and t h a t  a  s l i g h t  dominance 
seemed t o  be expressed i n  favour of non yellow type. Rooney and Mil ler  
(1982) reviewed t h e  i nhe r i t ance  of pe r i ca rp  co lo r  and thickness  in  
sorghum g ra in s  and pointed ou t  t h a t  i n  t r u e  yellow endospern c u l t i v a r s  
those genes a f f e c t i n g  carotenoid conten t  a r e  homozygous. I f  t he  
pe r i ca rp  i s  t h i n  o r  c o l o r l e s s  (R-yy o r  rryy) and t h e  t e s t a  is  absent ,  
t h e  co lor  of t h e  g r a in  appears  yellow, but  i f  t he  g r a in  has a  t h i ck  
mesocarp (E) t h e  g r a in  w i l l  appear white  because t h e  yellow endosperm 
co lo r  has been masked by a t h i c k  pericarp.  
d. P ro t e in  and amino ac id  content :  Liang e t  a l .  (1968) found 
t h a t  a  p a r t i a l  dominance con t ro l l ed  t h e  p r o t e i n  content  and t h a t  
two groups of  genes were respons ib le  f o r  i t s  inher i tance .  
Malm (1968) s tud i ed  a  l i n e  x t e s t e r  system and concluded t h a t  
t h e  i nhe r i t ance  of p ro t e in  content  was due t o  add i t i ve  e f f e c t s .  
S imi la r  r e s u l t s  we obtained by Abifar in and P i c k e t t  (1970);  and 
Co l l i n s  and P i c k e t t  (1972).  However, Crook and Casady (19741, 
~ i l s o n  e t  a l .  (1978) and Rao e t  a l .  (1982) repor ted  t h a t  t h e  non-additive 
gene ac t ion  p lays  t h e  most important r o l e  i n  p ro t e in  inher i tance .  
Singh and Axte l l  (1973) i d e n t i f i e d  two high l y s i n e  genotypes 
from Ethiopian o r ign ,  v i z ;  IS11167 and IS11758. 
Singh (1976) s tud i ed  c ros se s  from normal endos. +rm . - d  high 
l y s i n e  Ethiopian l i n e s  (Shrunken) and concluded t h a t  F modif ie rs  1 
arose  with d i f f e r e n t  propor t ions  of opaque and t r ans lucen t .  It  was 
a l s o  reported t h a t  t h e  p r o t e i n  content  of  t he se  modified s e l e c t i o n s  
were r e l a t i v e l y  lower than t h e  normal and high ly s ine  parents ,  
neve r th l e s s  t h e  l y s i n e  va lues  i n  p r o t e i n  were comparable t o  t h a t  of 
t h e  high l y s i n e  ones. 
T r i p a t h i  e t  a l .  (1971) r epo r t ed  t h a t  i n  g ra in  sorghum t h e  
hardness of t h e  g ra in  had a  p o s i t i v e  and s i g n i f i c a n t  c o r r e l a t i o n  with 
p ro t e in  content .  
Jambunathan and Subramanian (1983) a s s e s s e d  t h a t  t h e  h i g h  
l y s i n e  gene may n o t  b e  s t a b l e  i n  normal s e e d  w i t h  a  plump endosperm 
background. 
11.1.3.3. Grain y i e l d  components: 
a.  Grain y i e l d  p e r  p l a n t :  Liang and Wal te r  (1968) s t u d i e d  a 
set of  p a r e n t a l  l i n e s  and t h e i r  F F and B2 g e n e r a t i o n s  and 
1' 2 
concluded t h a t  a d d i t i v e  gene a c t i o n  seemed t o  have a  minor c o n t r i b u -  
t i o n  t o  t h e  i n h e r i t a n c e  o f  g r a i n  y i e l d .  I n  a n o t h e r  work Liang e t  a l .  
(1968) found o u t  t h a t  a t  l e a s t  f o u r  groups o f  genes  a r e  invo lved  i n  
c o n t r o l l i n g  y i e l d  i n h e r i t a n c e .  S i m i l a r  r e s u l t s  were o b t a i n e d  by 
Liang e t  a l .  (1969) ; Shinde and Sudewad (1981) ; I n d i  and Goud (1981) ; 
and Nayarkar (1973) .  
However, it : e m s  t h a t  a d d i t i v e  a s  w e l l  a s  non-add i t ive  gene 
a c t i o n  c o n t r o l  t h e  i n h e r i t a n c e  o f  g r a i n  y i e l d  (Nagur and Murty, 1970; 
Nagur and Menon, 1974; M a t t e i ,  1974; Raju e t  a l .  1980; F inkner  e t  a l .  
(1981) ; and Dabholkar and Baghel ,  198 0b) . 
b. P a n i c l e  l e n g t h :  Whitehead (1962) ; Chiang and s m i t h  (196%) 
and P a i s a n  (1975) showed t h a t  p a n i c l e  l e n g t h  i s  c o n t r o l l e d  by a d d i t i v e  
gene a c t i o n .  
C. P a n i c l e  weigh t :  A d d i t i v e  a s  w e l l  a s  non-addi t ive  gene a c t i o n s  
Was r e p o r t e d  t o  c o n t r o l  t h e  i n h e r i t a n c e  o f  p a n i c l e  weight  (Chiang and 
Smith, 1967; Liang and Walter, 1968; Nayarkar, 1973; and S r i h a r i  and 
Nagur, 1980) . 
d, Number of g r a i n s  per  panic le :  Arnon and Blum (1961) and 
Niehaus and P icke t t  (1966) revealed t h a t  number of  g ra ins  pe r  head 
is  t h e  most important component of y ie ld .  Miller  e t  a l .  (1976) 
evaluating parents ,  F1, F and back crosses  found a very s t rong 2 
negative cor re la t ion  between 1000 g r a i n s  weight and number of seeds 
per head, and noted t h a t  y i e l d  per  head of hybrids was higher when 
the  female parent  had smaller  seed. I t  was a l s o  concluded t h a t  
females should be se lec ted  fo r  maximum number of g ra ins  per  panic le  
without regard t o  seed s i ze .  
Nayakar (1973) and Dabholkar and Baghel (1980a,b) concluded 
t h a t  add i t ive  gene ac t ion  was r e s p o n s 3 l e  r the  inlLzri t&,. ;e of number 
of gra ins  per p a n l ~ l e ,  However, Liang and Walter (1968) found out 
t h a t  t h i s  t r a i t  was b a s i c a l l y  con t ro l l ed  by non-additive e f f e c t s .  
e. 1000 g ra ins  weight: Mil ler  e t  a l .  (1976) found t h a t  f o r  each 
one gram increase  i n  weight per  1000 g ra ins  there  was a reduction of 
77 g ra ins  per  head. 
Voiqt e t  a l .  (1966) concluded t h a t  s ince  t h e  h, . i t a b i l i t y  of 
g ra in  s i z e  was high ( s l i g h t l y  higher than 60%) progress i n  changing 
seed size can be done through any method t h a t  e x p l o i t s  t h e  add i t ive  
gene act ion.  These f i nd ings  were confirmed by o t h e r  au thors  l i k e  
Dabholkar and Baghel (1980a,b),  Shinde and Sudewad (1980a) and 
Pa t idar  and Dabholkar (1981) . 
On the  cont ra ry ,  Liang and Walter (1968) and Nayakar (1973) 
found t h a t  add i t i ve  gene a c t i o n  had a  minor r o l e  i n  t h e  inher i tance  
of g r a in  weight. 
I I. 2.  GRAIN QUALITY COMPONENTS 
11.2.1. Grain s t r u c t u r e :  
The s t r u c t u r e  of t h e  sorghum kerne l  plays a  major r o l e  in  determin- 
ing t he  processing p r o p e r t i e s  of t he  g r a in ,  i t s  u t i l i z a t i o n  and food 
prepara t ion  (Rooney and Mi l l e r ,  1982). 
The sorghum g ra in  i s  a  c a r iops i c  i n  h:~ch t he  G .  l r y  wall d r i e s  
and adheres s t rongly  t o  t h e  mature ovule and i s  composed of t h r ee  main 
p a r t s  : t he  o u t e r  covering (pe r i ca rp )  , t he  s t o r age  t i s s u e  (endosperm) 
and t he  embryo (germ) (Ronney and Mi l l e r ,  1982) . 
The pe r i ca rp  is  composed of  t h r e e  d i f f e r e n t  p a r t s ,  v i z ;  t he  ep icarp ,  
t h e  mesocarp and t h e  endocarp. 
The ep icarp  is t h e  outermost po r t i on  of  t he  gra in  and i s  o f ten  
divided i n t o  t h e  epidermis and hypodemis. The middle por t ion  i s  
t h e  mesocarp, which may very i n  th ickness  From a s e t  of a few rernnent 
c e l l s  without s t a r ch  with a  t h i n ,  t r ans lucen t  appearance t o  severa l  
l a y e r s  o f  cells  c o n t a i n i n g  s t a r c h  g r a n u l e s ,  which g i v e s  a  t h i c k ,  
c h a l k y  appearance.  The i n n e r n o s t  l a y e r  o f  t h e  p e r i c a r p  is  t h e  
endocarp  c o n s i s t i n g  o f  t h e  c r o s s  and t u b e  c e l l  l a y e r s ,  which a r e  
long  and narrow w i t h  t h e i r  l o n g  a x i s  p e r p e n d i c u l a r  t o  t h e  l o n g  
a x i s  o f  t h e  k e r n e l  (Rooney and M i l l e r ,  1982) .  
A c u t i n  l a y e r  between t h e  p e r i c a r p  and endosperm is  t r a n s -  
formed i n t o  a  seed  c o a t  ( S a n d e r s ,  1 9 5 5 ) .  I t  was a l s o  showed t h a t  
t h e  o r i g i n  of t h e  s e e d  c o a t  i s  t r a c e d  from t h e  intequment .  T h i s  
s u b c o a t  is  a l s o  known a s  t h e  " t e s t a "  and i t s  p r e s e n c e  i s  c o n t r o l l e d  
by t h e  complementary qenes  and 82 w i t h  t h e  t e s t a  p r e s e n t  when - B l  
and B2 qenes  a r e  dominant (Bl-B2-) (Rooney and b l i l l e r ,  1 9 8 2 ) .  
Rooney and M i l l e r  (1982) a l s o  p o i n t e d  o u t  t h a t  t h e  t e s t a  
t h i c k n e s s  v a r i e s  amonq sorghum genotypes  and w i t h i n  i n d i v i d u a l  k e r n e l s  
w i t h  t h e  t h i c k e s t  p a r t  a t  t h e  crown and t h e  t h i n n e s t  p a r t  a r e a  over  t h e  
embryo. The t e s t a  c o l o r  i s  c o n t r o l l e d  by t h e  gene 9 and it i s  brown 
f o r  t h e  genotypes  and p u r p l e  f o r  m. 
Freeman (1970) concluded t h a t  t h e  n a t u r e  of t h e  sorqhum g r a i n  
endosperm c o n s i s t s  o f  c e l l s  f i l l e d  w i t h  s t a r c h  and i n c l u d e s  a  s i n g l e  
o u t s i d e  l a y e r  o f  c e l l s  c a l l e d  t h e  a l e u r o n e  l a y e r  which is a  r e g i o n  o r  
c e l l s  c o n t a i n i n g  a  d e n s e  p r o t e i n  m a t r i x .  I t  was a l s o  p o i n t e d  o u t  t h a t  
endosperm c e l l s  which s t o r e  s t a r c h  a r e  f u r t h e r  d i v i d e d  i n t o  an o u t e r  
horny o r  co rneous  r e q i o n  and an  i n n e r ,  f l o u r y  o r  s t a r c h  r e g i o n .  
Hoseney e t  a l .  (1974) d i s c l o s e d  t h a t  ha rd  o r  co rneous  endosperm 
is a  r e s u l t  o f  s t r o n g  a d h e s i o n  between p r o t e i n  and s t a r c h  s o  t h a t ,  
when h a r d  endosperm i s  f r a c t u r e d  many s t a r c h  g r a n u l e s  a r e  b roken  
r a t h e r  t h a n  t h e  s t a r c h - p r o t e i n  i n t e r f a c e ,  w h i l e  s o f t  o r  f l o u r y  
endosperm i s  c h a r a c t e r i z e d  by r e l a t i v e l y  l a r g e  i n t e r g r a n u l a r  a i r  
s p a c e s ,  where t h e  s t a r c h  g r a n u l e  i s  e s s e n t i a l l y  round and cove red  
w i t h  a  t h i n  s h e e t  o f  p r o t e i n .  Ernbeded i n  t h i s  p r o t e i n  s h e e t  t h e r e  
a r e  l a r g e  s p h e r i c a l  p r o t e i n  b o d i e s .  
The embryo o r  germ i s  composed by two major  p a r t s :  t h e  
embryonic a x i s  and t h e  s c u t e l l u m  (Rooney and Miller,  1 9 8 2 ) .  The 
germ o f  some sorghum c u l t i v a r s  i s  more d e e p l y  embeded i n s i d e  t h e  
endosperm and i s  e x t r e m e l y  d i f f i c u l t  t o  remove w h i l e  some o t h e r s  
p r o t r u d e  from t h e  k e r n e l .  
Two o t h e r  a n a t o m i c a l  p a r t s  o f  t h e  sorghum g r a i n  a r e  t h e  s t y l a r  
a r e a  and t h e  h i lum.  The s t y l a r  a r e a  i s  t h e  p o i n t  a t  which  t h e  s t y l e  
was a t t a c h e d  d u r i n g  p o l l i n a t i o n .  The h i lum i s  t h e  s c a r  t i s s u e  
r e s u l t i n g  from detachment  o f  t h e  s e e d  from t h e  f u n i c u l u s  (Rooney and 
Miller, 1 9 8 2 ) .  
II,2,2. G r a i n  q u a l i t y  p r o p e r t i e s  
a. Break ing  s t r e n g t h  - Kongseree and J u l i a n o  ( 1 9 7 2 )  and Murty 
and House (1980) used  a  Kiya  h a r d n e s s  t e s t e r  (Kiya S e i s a k u s h o  L t d . ,  Japan)  
t o  g i v e  t h e  f o r c e  r e q u i r e d  f o r  i n d i v i d u a l  g r a i n s  t o  b e  c r u s h e d .  
However, Crosby (1982) p o i n t e d  o u t  t h a t  due  t o  t h e  number o f  g r a i n s  
r e q u i r e d  f o r  a  p r e c i s e  e s t i m a t i o n ,  t h i s  t e c h n i q u e  even  i f  u s e f u l  
i s  n o t  a  q u i c k  method t o  d e t e r m i n e  g r a i n  h a r d n e s s .  
b. P e r c e n t  f l o a t e r s  - T h i s  i s  a  c o n v e n i e n t  method t o  d e t e r m i n e  
sorghum g r a i n  h a r d n e s s  ( I l a l l g r e r ~  and Murty 1 9 8 3 ) .  Crosby (1982)  
d e s c r i b e d  t h e  u s e  o f  a  t e s t  s o l u t i o n  o f  1 .327 s . 9 .  ( a  m i x t u r e  o f  
t e t r a c h l o r o e t h y l e n e  and o d o r l e s s  k e r o s e n e )  which  qave  a  good e s t i m a t e  
o f  % f l o a t e r s  i n  a g r a i n  sample .  The p e r c e n t  o f  f l o a t e r s  was h i g h l y  
c o r r e l a t e d  w i t h  h a r d n e s s  o f  t h e  g r a i n  (Crosby,  1 9 8 2 ) .  
H a l l g r e n  and Murty (1983) used a s o l u t i o n  o f  sodium n i t r a t e  
( 1 . 3 1  s .g .1  and r e p o r t e d  t h e  p e r c e n t  o f  f l o a t e r s  f o r  1 5  g e n o t y p e s .  
They o b t a i n e d  a  h i g h  c o r r e l a t i o n  between p e r c e n t  f l o a t e r s ,  r e q u i r e d  
m i l l i n g  e n e r g y ,  f l o u r  p a r t i c l e  s i z e  and o t h e r  g r a i n  h a r d n e s s  p a r a m e t e r s .  
c .  Water a b s o r p t i o n  - S t e r m e r  e t  a l .  (1977)  r e p o r t e d  t h e  u s e  
o f  i n f r a r e d  s p e c t r o s c o p y  a s  a  r a p i d  e s t i m a t i o n  o f  g r a i n  m o i s t u r e .  
Abdelrahman and F a r r e l  (1981) o b s e r v e d  t h a t  t h e  i n i t i a l  m o i s t u r e  c o n t e n t  
o f  t h e  g r a i n  had some e f f e c t  on t h e  r a t e  o f  w a t e r  u p t a k e  i n  sorghum 
g r a i n .  However, a f t e r  t h r e e  h o u r s  o f  s o a k i n g  t h e  g r a i n  samples  were n o t  
a f f e c t e d  by t h e  i n i t i a l  m o i s t u r e ,  
Murty e t  a l .  (1981) u s e d  t h r e e  samples  o f  100  g r a i n s  e a c h  and 
soaked  them f o r  5 h o u r s  i n  w a t e r  t o  e s t i m a t e  t h e  amount o f  w a t e r  abso rbed .  
P e r c e n t  o f  w a t e r  a b s o r p t i o n  i s  c o r r e l a t e d  n e g a t i v e l y  w i t h  s e v e r i t y  
of g r a i n  molds (Rana e t  a l . ,  1977) and LQti q u a l i t y  (Murty e t  a l . ,  1 9 8 1 ) .  
d .  P a r t i c l e  s i z e  index ( P S I ) :  I t  is a  k e r n e l  ha rdness  t e s t  based 
on t h e  amount o f  f l o u r  t h a t  p a s s e s  th rough  a  s i e v e  o r  a n e s t  of  s i e v e s .  
Corneous g r a i n s  show a  lower p a r t i c l e  s i z e  index ( K i r l e i s  and Crosby,  
1982) .  E s t i m a t e s  o f  PSI based or. t h e  p e r c e n t  of  f l o u r  sample pas sed  
th rough  one  s i e v e  were r e p o r t e d  by Yarnazaki and Danelson (1972) and 
Crosby (1982) and th rough  a  n e s t  of  s i e v e s  by S u l l i n s  e t  a l .  (1971) 
and Murty e t  a l .  (1981) . 
e. G e l  c o n s i s t e n c y  - Murty and House (1980) observed t h a t  g e l  
s p r e a d i n y  of t h e  sorghum f l o u r  was n e g a t i v e l y  c o r r e l a t e d  w i t h  o v e r a l l  
r o t i  q u a l i t y  ( r= -0 .62 ) .  Murty e t  a l .  (1981) concluded t h a t  waxy 
-
endosperm produces  runny g e l s  w h i l e  h i g h l y  corneous  g r a i n s  showed t h i c k  
g e l s .  
Murty e t  a l .  (1982a) reviewed t h e  u s e f u l n e s s  o f  g e l  c o n s i s t e n c y  
tests  i n  sorghum and a s s e s s e d  t h a t  t h i s  t r a i t  was c o r r e l a t e d  w i t h  
k e r n e l  t e x t u r e  and f l o u r  p a r t i c l e  s i z e  index .  I t  was a l s o  observed t h a t  
i n t e r m e d i a t e  g e l  s p r e a d i n g  v a l u e s  were a s s o c i a t e d  w i t h  qood roti 
t e x t u r e  w h i l e  t h i c k  g e l s  were a s s o c i a t e d  w i t h  d e s i r a b l e  u g a l i  t e x t u r e .  
f .  R o l l i n g  q u a l i t y  - T h i s  i s  one o f  t h e  most r e l i a b l e  pa rame te r s  
t o  e v a l u a t e  roti q u a l i t y  (Murty e t  a l . ,  1 9 8 1 ) .  Murty and ~ u b r a m a n i a n  (1982) 
d e s c r i b e d  a s t a n d a r d  method t o  measure t h e  r o l l i n q  q u a l i t y  o f  sorghum 
r o t i  dough. 
Murty e t  a l .  (1982b) obse rved  a g r e a t  r anqc  o f  v a r i a t i o n  f o r  
r o l l i n g  q u a l i t y  among w h i t e  p e r i c a r p  sorghums. 
11 .2 .3 .  U t i l i . z a t i o n  o f  sorqhum f o r  food 
S e v e r a l  a r e  t h e  d i s h e s  p r e p a r e d  w i t h  sorqhum f l o u r  o r  whole 
g r a i n .  An e x t e n s i v e  l i s t  o f  r e c i p e s  can  be  found i n  two pamphle t s ,  
v i z .  Sorghum Rec ipes  by Home Economics Depar tment ,  U n i v e r s i t y  o f  
N a i r o b i  (1975) and Sorghum and M i l l e t  - Food P r o d u c t i o n  and Use by 
Vogel and Graham (1979) . 
A c o n c i s e  l i s t  was e l a b o r a t e d  from Vogel and Graham (19791,  
Rooney and Murty (1982) , O l a n t u j i  e t  a l .  (1982) , Gebi sa  E j e t a  (1982) , 
Obi lana  ( 1 9 8 2 ) ,  Gebrekidan and Gebre  Hiwot (19821, Subramanian and 
Jambilnathan (1980) , G u e r r e r o  (1979) , Thakre  (1981) , Shan ty  and 
Nee lakan tan  (1979) . 
1. Unleavened b r e a d  - R o t i  o r  c h a p a t i  ( 1 n d i a )  ; r o t t i  ( ~ r i  ~ a n k a ) ;  
waina  ( N i g e r i a ) ,  t o r t i l l a  ( ~ e x i c o )  ; q u i t t a  
( E t h i o p i a ) .  
2. Leavened b r e a d  - I n j  e r a  ( E t h i o p i a )  ; k i s r a  (Sudan) ; d o s a i  ( I n d i a )  ; 
t h o s a i  and hopper s  ( S r i  Lanka) q a h l e t  (Upper ~ o l t a ) ;  
massa (Ghana and N i g e r i a )  ; mugabi ( ~ g a n d a )  . 
3. Thick p o r r i d g e  - Ugal i  (Kenya, Tanzania and Uganda);  t o  (Upper Vo l t a  
and Mal i )  ; tuwo ( N i g e r i a )  ; boqobe (Botswana) ; lugma 
o r  a seda  (Sudan) ; s a n k a t i  and nuchu ( I n d i a )  . 
4 .  Thin p o r r i d g e  - Ugi ( N i g e r i a  and Ghana);  eko ( N i g e r i a ) ;  ambal i  and 
p u t t u  ( ~ n d i a )  ; u g i  (Kenya and Tanzania)  ; e d i  and 
obshure  (Uqanda) ; nasha (Sudan) . 
5. Steamed p r o d u c t s  - Couscous (Mali  and sub-Sahe l l i an  c o u n t r i e s )  ; noodles  
(Ch ina ) ;  burabrusko and acha ( N i g e r i a ) ;  p i t t o  
( S r i  Lanka) . 
6. Boi led  p roduc t s  - Soru and b a k r i  ( I n d i a ) ;  da ja-duka,  dahuwa, ewa 
( N i g e r i a )  ; kande (Tanzania)  ; p e a r l  du ra  (Sudan) .  
7 .  Alcoho l i c  and Burukutu,  ya rebu ,  kun iu ,  p i t o  ( N i g e r i a )  ; amarwa, 
non-a l coho l i c  busaa ,  warangi  (Uganda) ; boqalwa (Botswana) ; 
beverages  C h i m e l a ,  Chipumu. ( ~ a m b i a )  embush, t a l l a  ( E t h i o p i ~ ) ;  
m a r i s a ,  umbuqug, a b r e y ,  huswa (Sudan) .  
8. Snack foods  - Popped sorghum ( I n d i a  and T a n z a n i a ) ;  puppet  
( P h i l i p p i n e s ) ;  muruku, pakoda,  v a d a i ,  hurda 
( I n d i a )  ; adun ( N i g e r i a ) .  
The p o t e n t i a l  u s e  o f  sorghum g r a i n  i s  s i g n i f i c a n t  f o r  baked p r o d u c t s ,  
s n a c k s ,  p repa red  b r e a k f a s t  foods  and t o r t i l l a s  (Ronney, 19791, 
Baking tests were carried out in different countries and the 
results suggest that composite flours with up to 10% of sorghum flour 
did not affect the bread quality (Semedo and Guerra, 1963; Desikachar, 
1975; and Zhumabekova and Ostrovskaya, 1975). However, studies conducted 
in CFTRI, Mysore, India, brought out that the level of incorporation 
of sorghum flour could be increased further by adopting the following 
procedures: (i) increasing the quantity of water by 3% over that of 
farinograph water absorption; (ii) using 0.5% qlyceril monostearate; 
(iii) adding 20 ppm of potassium bromate and (iv) adding 0.5% of sodium 
stearoyl lactylate (CPTRI, 1975). 
11.2.4. Consumer acceptance 
Farmers and their families are fully aware of the cooking 
qualities and flavor of the varieties available to them. Like gardners, 
farmers critically choose the varieties which they grow for food with 
regard to their yield per man-day of work, eating qualities, and storage 
losses (Morris, 1982). 
Obviously, people will eat poor quality food under stress or 
hunger as pointed out by Doggett (19771, but they will only cultivate 
with enthusiasm grains which they want to eat themselves because they 
like them or because the market price is attractive, 
Pushpanma and Chitemna Rao (198 1) and P u s h p a m  and ''ogel (1982) 
i n  more ref ined s t u d i e s  on v a r i e t a l  acceptance of sorghum assessed 
t h a t  success of any food g r a i n  o r  i ts  products depends on acceptance 
by t h e  consumers. They emphasized f u r t h e r  t h e  need f o r  simple and 
p r a c t i c a l  methodology t h a t  enables the  breeders t o  screen t h e i r  high 
y ie ld ing  s e l e c t i o n s  wi th  acceptable q u a l i t y  t r a i t s .  
111. MATERIAL AND METHODS 
The experiments involved evaluation of 20 parents  (11 females 
and 9 res torers)  and t h e i r  99 hybrids in the  rainy (khar i f )  and post- 
rainy (rabi) seasons of 1982 a t  ICRISAT Center, Patancheru, A.P. India. 
111.1. PARENTS 
Eleven cytoplasmic-genetic male s t e r i l e  l i n e s  and 9 res to re r s  
(Table 2 ) were chosen from a broad array of hybrid parental  material 
avai lable  a t  ICRISAT. Among the  parents,  seven females and e ight  
r e s to re r s  were developed by the  Sorghum Improvement Program of ICRISAT. 
Three female parents,  namely, 2219A, 2077A, and 296A and the  res to re r  
CS3541 were developed by the  A l l  India Coordinated Sorghum Improvement 
Project  (AICSIP). These a r e  widely used i n  India fo r  the  production 
of t h e  commercial hybrids CSHS, CSH6 and CSH9. The female parent 623A 
was developed a t  the Texas A & M University of USA, and i s  recognized 
a s  a t rop ica l ly  adapted l i n e .  
111.2. CROSSING PROGRAM 
A l i n e  x t e s t e r  crossing program was undertaken during t h e z i  
1981 (Nov. 1981 - Feb. 1982) a t  t h e  ICRISAT Center i n  i r r iga ted  nurseries. 
I n  order t o  achieve good synchrony of the  male and female parents, 
a l l  t h e  20 parents were planted th ree  times (a t  a 15 day in terval )  i n  4 
row p l o t s  of 4 m length. 
Table 2. Pedigree o r  o r i g i n  of pa ren t s  used in t h e  study 
Parents  Pedigree/Origin Grain Height co lo r  
Females 
-
01 MA1 (2077 B x IS 9327) 9-1-6 Dwarf Cream 
Medium " 
,I I I  
04 MA4 (2077 B x IS 9327) 7-1-2-4-5 Dwarf " 
05 MA5 (IS 12645 x CS 3541) x IS 9327) 27-2-2-6-1 " White 
06 MA6 (IS 12645 x CS 3541) x IS 9327) 27-2-2-3-2 " I, 
07 MA9 (Bulky x CS 3541) 25-1-1 . Medium Cream 
08 2219A AICSIP Owarf " 
09 2077A AICSIP Medium Lt. yellow 
10 6231 Texas A & M University I* White 
11 296A AICSIP I1 Lt.  yellow 
Males 
-
0 1  MR 801 (SC-108-3 x CS 3541) 1-3-1 
02 MR 861 (SC-108-3 x GPR 148) 12-5-3 
03 MR 864 (SWARNA x CS 3687) 6-1-3 
Medium Cream 
II It 
Dwarf Lt.yellow 
Medium Cream 
T a l l  White 
Cwarf " 
Medium Cream 
08 MR 849 (IS 12611 x SC-108-3) 1-1-3 I* White 
09 CS 3541 AICSIP !I . , Cream 
The pan ic les  of  t h e  r e s t o r e r s  (males) were covered by paper 
bags before an thes i s  and t h e  pan ic les  of female l i n e s  were bagged 
before t h e  stigmas were v i s i b l e .  
Hand p o l l i n a t i o n s  were made onto t h e  female pan ic les  using 
bulk pollen from each of t h e  male parent .  For each c r o s s  combination, 
approximately 15 pan ic les  were gal l inated.  The hybrid seeds of 99 
crosses  and s e l f  po l l ina ted  seeds of t h e  9 r e s t o r e r s  and 11 maintainers 
of t h e  female l i n e s  were obtained i n  s u f f i c i e n t  q u a n t i t i e s  f o r  p lant -  
ing  t h e  experiments in khar i f  and rabi seasons of 1982. 
111. 3.  FIELD EXPERIMENTS 
The experiments were repeated in t h e  khar i f  season a l s o  known 
a s  monsoon o r  r a iny  season and usual ly  begins i n  June and extends i n t o  
September i n  t h e  Hyderabad a rea  and rabi season, known a s  post-rainy o r  
winter season which i s  dry  and cool wi th  shor t  days and l a s t s  from 
October upto January (ICRISAT,  1981). 
The pa ren t s  and hybrids were randomized separately and planted 
using t h e  randomized block design (RBD) but i n  adjacent t r i a l s  i n  b t h  
t h e  seasons a s  suggested by Arunachalam (1974). 
The parents  were evaluated along wi th  t h e  hybrids f o r  compara- 
t i v e  purposes although t h e  line x t e s t e r  study does not require  t h e  
evaluation of pa ren t s  in theory (Kempthorne , 1957) . 
There were th ree  rep l ica t ions  in each experiment. In a l l  t he  
four experiments t he  p lo t  consisted of two rows of 4 m length separated 
by 75 cm. The space between plants  within a row was about 12 cm 
(110,000 plants/ha) and was achieved by thining a t  one week a f t e r  
emergence. 
The kharif experiments were designated L t - 1  for  the hybrids 
and Lt-2 for  t he  parents,  and t he  & t r i a l s  designated a s  Lt-3 and 
Lt-4 fo r  hybrids and parents,  respective1 y. 
The kharif and rabi experiments were conducted under rainfed 
conditions. The weather data  i s  presented in  Fig.1 and t he  amount of 
r a i n f a l l  received during t he  kharif and *crop seasons was 456.7 rm 
and 150.9 mm respectively. 
The f e r t i l i z e r s  used provided N and P in  the  following r a t i o :  
84 kg/ha of N and 84  kg/ha of P205 a s  basal dose and 46 kg/ha of ti a s  
topdress applied 30 days a f t e r  emergence in both t he  seasons. 
The kharif and =experiments were protected from at tack by 
Heliothis armigera The rabi experiments received a basal application 
of Furadan (25 kg/ha) t o  help protect ion against shoot f l y  (Atherigona 
soccata) attack. 
4 1  
F ig .  1: R a i n f a l l ,  evaporat ion,  maximum and minimum temperature 
du r i ng  t h e  two crop seasons (Jun, 82 t o  Jan, 83) 
I s t  crop season 
2nd crop season -. 
- R a i n f a l l  
- -  --  Evaporat ion 
". 
24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 2 
(1 (2,3)  ( 2 )  (4  
Standard weeks 
1 - Sowing 1 s t  season ( k h a r i f )  - June 18, 82 
2 - Harvest  1 s t  season - Sept 20 t o  Oct 10, 82 
3 - Sowing 2nd season ( r a b i )  - Sept 20, 82 
4 - Harvest  2nd season - Jan, 10, 83 
111.4. CHARACTERS STUDIED 
Observations were made on t he  following characters :  
111.4.1. Plant charac te rs :  
1. Days t o  50% flowering - Number of days from sowing upto 50% 
anthes i s  i n  t h e  panic les  of 50% p l an t s  i n  a p l o t  (IBPGR, 1980). 
The following charac te rs  were based on 5 randomly tagged p l an t s  a t  t he  
flowering stage. 
2. Plant  he ight  - Average lenqth from ground t o  t he  top  of t he  
head i n  centimeters (IBPGR, 1980). 
3. Panicle  length - Average length i n  cent imeters  from the  
i n se r t i on  of bottom t o  t he  top  of t he  panic les  (IBPGR, 1980). 
4. Grain y i e l d  pe r  panic le  - Weight i n  grams of threshed, glumeless 
g r a in s  of  5 ind iv idua l  pan ic les  (+ - 12% moisture) taken with t h e  help 
of an e l ec t ron i c  balance (Met t le r ;  P 5N). 
5. Number of g r a in s  per  panic le  - Number of g r a in s  of 5 ind iv idua l  
pan ic les  were counted with t he  he lp  of an e l ec t ron i c  counter (Model 850-2, 
Sor.26, The Old M i l l  Company, Savage, MD, USA) .  
111.4.2. Grain charac te r s  
6. Thousand g r a i n  weight - Was obtained a s  follows: 
 rain yie ld/panic le  (9) x 1000 1000 gra in  weight (g) = No.of gra ins /panic le  
7. Breaking s t r e n g t h  - Kilograms of force  required t o  crack 
a g ra in  using a hardness t e s t e r  (Kiya Seisakusho Ltd., Tokyo, Japan).  
Observations were taken on 5 g ra ins  per  pan ic le  i n  each of the  5 
individual  panic les  (IBPGR, 1980) . 
8, Floa te r s  percentage - Number of  g ra ins  t h a t  f loa ted  i n  a 
sample of 100 g ra ins  i n  a 1.3 s.g. so lu t ion  of NaNOj (2 50% concentra- 
t i o n ) .  Data were taken on two random pan ic les  per  p lo t .  
The following g ra in  q u a l i t y  charac te r s  were s tudied on a small 
l i n e  x t e s t e r  sample of  4 male s t e r i l e s  and 5 r e s t o r e r s  (MAS, MA9, 
2077A, 296A, MR861, MR864, MR824 , MR825, and CS3541)  . 
9. Percentage of water absorpt ion - Percent increase  i n  t h e  
weight of  a 100 g ra in  sample a f t e r  5 hours soaking i n  d i s t i l l e d  water. 
Data were recorded on two g r a i n  samples p e r  p l o t  from two individual  
panic les .  
Th i r ty  grams of g r a i n  from each f i v e  randomly se lec ted  heads 
were taken, bulked and ground in a carborundum s tone  m i l l  (Domestic 
M i l l  Flour,  Milcent D-2) a t  1440 rpm and t h e  following four  characters  
were studied.  
10, P a r t i c l e  s i z e  index: Percent of a 30 g f lour  sample t h a t  
passed through a 75 p s ieve  a f t e r  sieving by hand f o r  10 minutes. 
Two samples were studied f o r  each p lo t .  
11, Rolling qua l i ty  - Diameter i n  centimeters of a 
'el 
dough made from 30 grams of f l o u r  and d i s t i l l e d  water a t  room tempera- 
t u r e  a f t e r  r o l l i n g  it with a wooden r o l l i n g  pin on a laminated board. 
12. Gel spreading - Ten grams of f l o u r  was suspended in  70 m l  
of cold water and was added t o  140 m l  of bo i l ing  water with frequent 
s t i r r i n g .  The porridge was poured in to  a 20 x 52 mm p e t r i  dish (with 
a drop of o i l  smeared on the  inner surface) ,  and cooled in a re f r ige ra to r  
a t  ~ O O C  f o r  3 hours. Then the  s o l i d i f i e d  porridge (gel)  was put  on a 
smooth g l a s s  sheet  and the  diameter of t h e  g e l  was measured a f t e r  5 
minutes in milimeters. Two observations were taken per p lot .  
111.5. STATISTICAL ANALYSIS 
111.5.1. Analysis of the  hybrids 
The l i n e  x t e s t e r  mating system was used t o  est imate the  general 
and spec i f i c  combining a b i l i t y  e f fec t s .  Methods applied i n  t h i s  study 
followed Kempthorne (1957) and Arunachalam (1974). 
The mathematical model t o  obta in  est imates of general and 
s p e c i f i c  combining a b i l i t y  a r e  from (Bei l ,  1965) 3 
'ijk = u + q i  + + S  + r  + e  i j k i j k  
where : 
'ijk = mean of t h e  k-th experimental un i t  of t h e  progeny 
between i - t h  R ( r e s t o r e r )  l i n e  and j-th A (female) 
l i n e ;  
p = general  mean of t h e  experiment; 
gi = e f f e c t  of i - t h  R l i n e ;  
g j  = e f f e c t  of j - th  A l i n e ;  
s = e f f e c t  of t h e  cross  between i - t h  and j-th parent;  i j  
r = e f f e c t  of k-th rep l i ca t ion ,  and k 
e = r a n d a n e r r o r a s s o c i a t e d w i t h i j k - t h e x p e r i m e n t a l u n i t .  i j k  
and : i = 1 2 , .  9 
j = 1, 2 , .  . . 11 
k = 1, 2, 3 
The gi and g j  terms a r e  a measure of general combining a b i l i t y  
of  respective,  R and A l i n e s  while s measures t h e  deviation from the  i j 
expected on the  general  o r  addi t ive  e f f e c t  a s  pointed out by Sprague and 
Tatum (1942) . 
It  was assumed f o r  t h i s  study t h a t  the  nine R l i n e s  and eleven 
A l i n e s  were a random sample of inbred l i n e s  of g ra in  sorghum used a t  
ICRISAT, then t h e  es t imates  of  t h e  variance components were obtained 
from t h e  expectat ion of  t h e  mean square. 
The normal e w a t i o n s  for  the estimates o f  the general and s p e c i f i c  
combining a b i l i t y  are: 
The following assumption i s  necessary for the normal ecuations t o  be applied: 
The following solutions are then obtained: 
" s = Y  I )  1 i j  i j .  - gi - g j  + IJ 
3 
Phe sums of squares a r e  obtained by multiplying the  estimate f o r  each 
parameters by the  right-hand s ides  of  t h e  normal equations as  discussed 
by Kempthorne (1952). They are:  
where T = i s  the  t o t a l  sums of squares, 
M = is  the  corrector  f a c t o r ,  
Gi = the  sums of squares f o r  general combining a b i l i t y  e f f e c t s  
of t h e  R l i n e s ,  
G = t h e  sums of squares for general combining a b i l i t y  e f f e c t s  j 
of t h e  A l i n e s ,  
'ij = t h e  sums of squares f o r  s p e c i f i c  combining a b i l i t y  e f f e c t s  
and R = the  sums of squares f o r  repl ica tes .  
The expectation of mean squares a r e  obtained by finding the 
expected values of the  sums of squares on the or iginal  mathematical 
model and dividing by the appropriate degrees of freedom (Beil ,  1965). 
So tha t  they are: 
Y 2 E ( G i )  = i . .  M = (8) a + a + 3 3 s 2 )  
3 3 i 
y 2  2 2 
E ( G . 1  = L( . j .  - M )  = (10) (a  + 20: + 270 
3 2 7 j 
To make t e s t s  of hypothesis we must make the following assumptions: 
i s  a constant, 
2 g i l s  a r e  N.1.D. ( 0 ; ~  ) , which i s  t o  say they are  normally 
'i 
independently dis t r ibuted with a mean of zero and have a 
2 
constant variance designated a , 
'i 
j 'S  are  N. I .D .  ( 0 ; ~ ~  1 I g j  
2 
s ' s  a re  N. I .D .  (O;cfs ) ,  i j  i j  
r ' S  a r e  constants, k 
e ' sareN.1.D.  ( 0 ; ~ ~ )  i j k  
The developent  and descriptive informat ion necessary for  const- 
ructing an analysis  of variance can be shown in  Table 3 based on 
Kempthorne (1957) and Hallauer and Miranda U981). 

Assuming no ep is tas i s ,  the following equations may be written t o  
describe covariance relat ionship and variance components as  follows: 
1. based on the components of variance: 
2 Cov (HS) = (M1 - M3) + ( M 2  - M3) /r(f+m) = a GCA 
COV (FS) = ( M I  - M4) + (M2 - M4) + M3 - M4) /3r + 
6r Cov (HS) - r (f+m) Cov (HS) /3r 
2 
a SCA 
and 
2. based on genetic e f f ec t s  : 
(1) 2 
Cov (HS) = (9) a: = u G C A  
Cov (FS) = (-j- A 
Thus 
',2 = 4 Cov (FS) - 2 Cov (HS) 
D (1+F) 
Sinde .  the A and R parental l i nes  were assumed t o  be homozygous, 
the  inbreeding coeff icient  (F) is equal t o  one. 
(1) 0 2 ~  = addi t ive  genet ic  variance 
2 (2) o D = dominance variance 
2 ( 3 )  u G = t o t a l  genotypic variance 
The standard e r r o r s  f o r  combining a b i l i t y  e f f e c t s  were calculated 
a s  follows (Singh and Chaudhary, 1979). 
S.E. (gca f o r  t e s t e r )  = (M4 / r f )  4 
S.E. (gca f o r  l i n e )  = ( M 4  / rm) 4 
S.E. (sca f o r  a l l  possible combinations) = ( 2  M4 (mf - m-fl/mfr) + 
where m = 1 , 2  ..... 9 
f = 1 , 2  ..... 11 
r = 1,2 ,3  
111.5.2. Correlat ions between parents means and GCA e f f e c t s  
The cor re la t ion  coef f i c i en t s  ( r )  between per se performance of 
the  parents and t h e i r  gca e f f e c t s  were ca lcula ted  from the following 
formula (Bhola Nath, 1983) : 
where 
X '  = mean v a l u e s  
y '  = t h e  combining a b i l i t y  e f f e c t s .  
n = number o f  r e s t o r e r s  o r  male s te r i le  l i n e s  invo lved  
i n  t h e  a n a l y s i s .  
111.5.3. RBD a n a l y s i s  of t h e  p a r e n t s  
The e x p e r i m e n t s  w i t h  t h e  i n b r e d s  9 R l i n e s  and 11 A l i n e s  were 
a n a l y s e d  t h r o u g h  a two way c l a s s i f i c a t i o n  ANOVA (RBD) u s i n g  t h e  fol low- 
i n g  mathemat ica l  model : 
' i j k  = u  + P  + r  + e  i j ij 
where p = 1 , .  20 
r = 1,2,3 
and p = is  t h e  g e n e r a l  mean a l l o v e r  t r e a t m e n t s  and r e p l i c a t i o n s ,  
'i = t h e  e f f e c t  o f  i - t h  i n b r e d ,  
r = e f f e c t  of j - t h  r e p l i c a t i o n  and j  
e = t h e  e r r o r  a p p l i e d  t o  e a c h  e x p e r i m e n t a l  u n i t  i n  i - t h  i j  
t r e a t m e n t  and j - t h  r e p l i c a t i o n  ( O s t l e  and Mensing, 1963) . 
Thus, t h e  ANOVA t a b l e  f o r  t h e  i n b r e d  a n a l y s i s  was deve loped  
a s  f o l l o w s  (Tab le  4 ) :  
Table 4 . Analysis of variance of the  parent experiments. 
Source of Degrees of Mean Expection of 
var ia t ion freedom square mean square 
Replications r-l MR 2 a 2 + p a k  
Treatments P-1 MT u 2 + r u p  2 
Exp. e r ro r  (n-1) (p-1) ME 1 u 
Heterosis was calculated over the  superior parent as  suggested 
by Mather and Jinks (1971) using the formula: 
where - H is the  amount of heteros is  in percentage 
F1  is the  performance of a pa r t i cu la r  progeny over repl ica t ions  and 
-
- 
P1 i s  the  performance of the  superior inbred involved in  the cross 
-
over repl ica t ions .  
The t e s t  of significance f o r  he te ros i s  was done using the  t t e s t  
a s  follows: 
where h and 1 a r e  t h e  degrees of freedam f o r  the  e r ro r  in the  ANOVA of 
- 
hybrids and inbreds respectively and SE is t h e  pooled standard e r r o r  fo r  
the  hybrid and parent experiments calculated a s  follows (Arunachalam, 1983 
personal communication) : 
S.E. = ((M4 + M E ) / r )  =I 
where M4 = is  the  e r r o r  mean square f o r  hybrids experiment, 
ME = the  e r r o r  mean square fo r  the  parents experiment and 
r = i s  the  number of repl ica t ions  which a re  equal fo r  both 
experiments. 
IV.  EDERIMENTAL RESULTS 
Experimental r e s u l t s  obtained i n  t h e  ra iny (Kharif) and 
postrainy (Rabi) seasons of t h e  parents  and hybrids f o r  the  var ious  
-
agronomic and qua l i ty  charac te r s  a r e  presented i n  the  following 
order:  (1) Analysis of variance;  (2)  Average performance of hybrids 
and parents  ( 3 )  general  and s p e c i f i c  combining a b i l i t y  and components 
of gene t i c  variance. 
I V . l .  ANALYSIS OF VARIANCE 
a. Hybrids: The ana lys i s  of variance of t h e  hybrids f o r  the  
12 characters  s tudied during t h e  Kharif and Rabi seasons of11982 a r e  
-
shown i n  Tables 5, 6 and 7. 
The components of variance f o r  hybrids,  t e s t e r s ,  l i n e s  and 
l i n e s  x t e s t e r s  were a l l  h ighly  s i g n i f i c a n t  f o r  most of t h e  characters  
studied.  These r e s u l t s  showed t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  genet ic  
v a r i a t i o n  was present  among t h e  hybrids and t h a t  general  a s  well  
s p e c i f i c  e f f e c t s  were involved i n  t h e  performance of hybrids. The 
c o e f f i c i e n t  of va r i a t ion  of t h e  experiments ranged from 1 t o  24% f o r  
t h e  various characters  analysed and showed t h a t  experimental condit ions 
were s a t  i s £  ac tory  . 
In  genera l ,  var iances  due t o  l i n e s  x t e s t e r s  were severa l  
t imes smaller  than var iances  due t o  l i n e s  o r  t e s t e r s .  They were 
s t a t i s t i c a l l y  non-significant  f o r  percentage o f  water absorption i n  



t h e  Kharif a s  wel l  a s  seasons while f o r  t h e  charac ters  p a r t i c l e  
s i z e  index, r o l l i n g  q u a l i t y  and g e l  spreading they were non-signif icant  
i n  R s  season. 
The variances due t o  t e s t e r s  o r  t h e  male parents  were predomi- 
nant ly  l a r g e r  than t h e  v a r i a t i o n  due t o  t h e  l i n e s  o r  t h e  female parents  
f o r  t h e  charac ters  days t o  50% flowering, p l an t  he ight ,  g r a in  y ie ld /  
pan ic l e ,  number of g r a i n s / p m i c l e ,  1000 g r a i n  weight,  breaking s t rength  
and percentage of water absorpt ion.  
The magnitude of v a r i a t i o n  due t o  t h e  female e f f e c t s  was 
moderately high f o r  t h e  cha rac t e r s  panic le  length,  p a r t i c l e  s i z e  index, 
r o l l i n g  q u a l i t y  and g e l  spreading. 
Variance components were genera l ly  s imi l a r  i n  t he  Kharif and 
Rabi seasons f o r  a l l  t h e  cha rac t e r s  except. p a r t i c l e  s i z e  index and 
-
r o l l i n g  qua l i ty .  
F ina l ly ,  s i g n i f i c a n t  e f f e c t s  due t o  r e p l i c a t i o n s  were observed 
f o r  a  few cha rac t e r s ,  p a r t i c u l a r l y  i n  t h e  season. 
The predominance of var iances  due t o  t h e  male and female parents  
and low magnitude of var iances  due t o  male x female e f f e c t s  i nd i ca t e  
t h e  importance of genera l  combining a b i l i t y  f o r  most of t h e  charac ters .  
b. Parents:  The a n a l y s i s  of variance f o r  t h e  observat ions made 
on t h e  parents  i n  experiments LT-2 and LT-4 of t h e  Kharif and seasons 
respect ively  is presented i n  Tables 8, 9 and 10. 
Variances due t o  parents  were highly s ign i f i can t  f o r  a l l  t h e  
characters  s tudied and t h e  average performance of the  male and female 
parents  was s i g n i f i c a n t l y  d i f fe ren t .  
Axcr i t i ca l  examination of the  genotypic va r i a t ion  between the  
parents  showed t h a t  the  va r i a t ion  among male parents  was generally 
l a rge r  than the  va r i a t ion  among t h e  female parents.  However, the  
female parents  showed r e l a t i v e l y  more va r i a t ion  than the  males fo r  
panicle length. Variat ion among the  female parents fo r  percent water 
absorption and r o l l i n g  qua l i ty  was s t a t i s t i c a l l y  non-significant. The 
same was t r u e  f o r  p a r t i c l e  s i z e  index and g e l  spreading in  t h e  Rabi 
season. 
Further ana lys i s  of the  female parents  indicated t h a t  the  
recen t ly  developed female parents  and t h e  commercial parents  d i f fe red  
i n  t h e i r  mean performance f o r  a l l  t h e  characters.  However, va r i a t ion  
among the  recen t ly  bred male s t e r i l e  l i n e s  was i ~ i s i g n i f i c a n t  in  the  
Kharif season f o r  g r a i n  y ie ld ,  number of gra ins /panic le  and 1000 grains  
weight. 
I V . 2 .  AVERAGE PERFORMANCE OF HYBRIDS AND PARENTS 
The average performance of parents ,  hybrids and overa l l  hete- 
r o s i s  i n  t h e  Kharif and seasons a r e  presented in Table 11. 
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An examination of t h e  o v e r a l l  means f o r  parents  and hybrids 
indicated t h a t  the  hybrids genera l ly  flowered e a r l i e r ,  grew t a l l e r ,  
had longer panic les ,  more number of g ra ins  per  panic le  and gave higher 
gra in  y ie ld  per panicle.  
Thousand g ra in  weight of major i ty  of hhe hybrids was s l i g h t l y  
lower than t h a t  of t h e  parents  while t h e  g ra in  breaking s t rength  and 
percent water obsorption were about t h e  same i n  parents  a s  well a s  
hybrids. Average percent f l o a t e r s  of hybrids was s i g n i f i c a n t .  F l o w  
p a r t i c l e  s i z e  of t h e  hybrids was s l i g h t l y  l a r g e r  compared t o  t h a t  of 
t h e  parents.  The r o l l i n g  qua l i ty  of t h e  dough from hybrids was b e t t e r  
and t h e  g e l s  prepared from f l o u r  of the  hybrids were th icker .  
The magnitude of h e t e r o s i s  was higher f o r  p lan t  height ,  number 
of g ra ins  and g ra in  y i e l d  per  panicle.  
The bes t  parents  on t h e  b a s i s  of hybrid performance and t h e  
$CA e f f e c t s  f o r  each character  s tudied a r e  shown i n  Table 1 2 .  
a. Days t o  50% flowering: The average number of days t o  50% 
flowering of parents  and hybrids a r e  presented i n  Appendix A . l .  
The range of average days t o  50% flowering during t h e  Kharif 
of t h e  female parents  was from 55 t o  68 days compared t o  t h e i r  ar ray  
means from 54 t o  62. The female parent  2219A produced earlier flower- 
ing hybrids while MA9 and 2077A produced l a t e r  flowering hybrids. 
S imi la r ly  among t h e  male paren t s  t h e  range of days t o  50% flowering was 

from 63 t o  77 days while  t h e  a r r ay  means ranged from 57 t o  67 days. 
The r e s u l t s  presented  i n  Appendix B . l .  Show t h a t  t h e  o v e r a l l  
h e t e r o s i s  of  t h e  99 hybr ids  compared t o  t h e  e a r l i e r  parent  was only  -0.9% 
i n  t h e  Kharff. Considering t h e  female pa ren t s ,  t h e  h e t e r o s i s  f o r  
e a r l i n e s s  was expressed s i g n i f i c a n t l y  i n  t h e  Kharif by hybrids of 2077A, 
296A, MA3 and MA9. 
I n  t h e  season means of  days t o  50% flowering of t h e  
parents  a s  wel l  a s  hybrids were low and t h e  range was a l s o  narrowed. 
Hybrids of  MA3, MA4, MA9, 2219A and 296A exhib i ted  s i g n i f i c a n t  
h e t e r o s i s  f o r  e a r l i n e s s .  Among r e s t o r e r s  a s t r i k i n g l y  p o s i t i v e  h e t e r o s i s  
( for  l a t e n e s s )  was observed i n  hybrids of MR849 i n  t h e  Kharif season, 
however i t s  hybrids showed s i g n i f i c a n t  nega t ive  h e t e r o s i s  i n  t h e  Rabi 
season. 
Hybrids of  MR801, MR824 and CS3541 showed h e t e r o s i s  f o r  
e a r l i n e s s  i n  t h e  Kharif a s  wel l  a s  seasons. 
The frequency of c ros se s  showing h e t e r o s i s  f o r  e a r l i n e s s  was 
much h igher  i n  t h e  Kharif t han  i n  t h e  s, probably because t h e  range 
f o r  days t o  50% flowering was narrow i n  t h e  due t o  sho r t  day 
photoperiod e f f e c t ,  I n  t h e  r a b i  season only  four  c ros s  combinations 
v i z ;  MA3 x MR8U9, MA4 x MR849, 2077A x ~ ~ 8 4 9  and 296A x MR849 exhib i ted  
s ign i f i can t  heteros is  a t  1% leve l  of probabil i ty.  
b. Plant  height: Average p lan t  height of parents and hybrids 
is presented i n  Appendix A.2. Almost a l l  of the hybrids surpassed 
t h e i r  parents in plant  height, Hybrid ar ray means were always higher 
than the  parental  means. 
The height of t h e  male parents ranged from 135 t o  191 cm i n  
the  Kharif and 125 t o  175 cm i n  t h e  Rabi. MR867 and MR849 produced 
the  t a l l e s t  hybrids. Among the  female parents MA9 and 221914 gave r i s e  
t o  the  shor tes t  hybrids. 
I n  general the  average plant  height of the  parents a s  well a s  
hybrids were lower i n  t h e  than in  Kharif. 
Estimates of he te ros i s  f o r  p lant  height were based on the  shor ter  
parent. (Appendix B. 2) 
The aveEage he te ros i s  was 55% and 56% in Kharif and seasons 
respectively.  More than 25% of t h e  crosses exhibited pos i t ive  heteros is  
i n  the  Kharif as  well  a s  i n  the  seasons. 
Comparing t h e  average he te ros i s  of the  res to re r s ,  the  range 
varied from 33% f o r  CS3541 upto 100% for  MR867 during the  Kharif. Among 
the  female parents ,  MA9 showed t h e  lowest expression of heteros is ,  23% 
i n  Kharif and 18% i n  t h e  Rabi. 
W i n g  the  ~ a b i  t he  hybrids of male MR 867 shqwed maximum heterosis  for 
- 
plan t  height (100%). Crosses with MR8Ol and MR825 exhibited s ign i f ican t ly  
l e s s  heterosis  and hence a re  more desirable  i f  shorter  hybrids a re  
required. 
c. Panicle length: Average panicle length of the  20 parents 
and 99 hybrids a r e  presented in  Appendix A.3. 
The hybrids generally had longer panicles than t he i r  parents 
i n  both seasons, and t he  hybrid a r ray  means were s ign i f ican t ly  higher 
than parental means. 
Hybrids of females MA4, 2077A and 296A showed longer panicles. 
Restorer parents MR864, MR803 and MR825 showed higher array means than 
those of t he  others.  
The overa l l  he te ros i s  over t he  be t t e r  parent for  panicle length 
was 8.4% and 7.6% i n  t he  Kharif and seasons respectively (Appendix B.3.) 
Hybrids with t he  male parents MR825, MR801, and MR803 exhibited 
s ign i f ican t ly  higher magnitude of heterosis .  Among the  99 hybrids t he  
cross M A l  x MR803 showed the  maximum he t e ro t i c  e f f ec t  ( 3 2 % )  during Kharif, 
while 623A x MR825 showed the  highest  he te ros i s  (24%) in  t he  season. 
A l l  crosses with MR825 exhibited a s ign i f ican t  amount of he te ros i s  
(p=O. 01) . 
Among the female parents, hybrids of MALI MA2, MA3, 2219A and 29611 expressed 
heterosis  fo r  increased panicle length. I t  is interest ing t o  note tha t  
the  crosses with 296A were heterot ic  mostly in the  2 season. 
d. Grain yield perpanic le :  The average performance of the 
parents and hybrids are  presented in  Appendix A.4. During Kharif grain 
y ie ld /pv ic le  of the  male parengs ranged from 40.7 t o  77.9 g while those 
of the females ranged from 34.0 t o  59.9 g. 
On the average, hybrids of MR867 and MR849 showed higher yields. 
Among the female parents, hybrids of 623A and 296A were the  highest 
yielders i n  the Kharif while hybrids of 623A, MA1 and MA3 were superior 
in  the Rabi season. Crosses of MA4, MA5 and MA6 performed bet ter  in  
-
Kharif season, while crosses of MA1 and MA3 yielded be t t e r  in the 
season. 
The grain y ie ld  performance of the parents, par t icular ly  the  
females was very low i n  t h e R ?  season when compared t o  those of 
Kharif season. 
Although heteros is  f o r  increased grain yield/panicle over mid- 
parent was pronounced i n  the  Kharif as well a s  = season ( T a b l e l l ) ,  
average heterosis  over the  be t t e r  parent was s ignif icant  only in  the 
Rabi season. During the  Kharif s ignif icant  posit ive and negative 
-
heterotic e f f e c t s  led  t o  non-significant overa l l  heeerosis. 
Array means of male parents (Appendix B.4) showed tha t  hybrids 
with MR849 exhibited large  amounts of posi t ive  heteros is  in  the  Kharif 
season (70%). The combination MA6 x MR849 showed the  highest amount of 
heterosis  (108%). 
Average heteros is  over be t t e r  parent in  theR* season was 
around 17% and s ign i f i can t  heteros is  f o r  increased yields were observed 
in  crosses involving almost a l l  the  parents. 
Crosses made using female parents MA1,  MA2, MA3, 2077A, 296A and 
623A showed r e l a t i v e l y  higher heterosis .  Among the  male parents, MR801, 
MR864 and CS3541 produced he te ro t i c  hybrids during w. 
The hybrids which showed the highest heteros is  were MA1 x 
MR801 (102%) and 296A x CS3541 (101%). In teres t ingly  MR849 hybrids 
were markedly l e s s  he te ro t i c  i n  the season. 
e. Number of gra ins  per  panicle:  Average number of grains per 
panicle exhibited by t h e  parents and hybrids a r e  presented in Appendix A.5. 
The male parents had s ign i f i can t ly  lower nmber of grains/panicle i n  
the % with t h e  exception of MR849 which performed be t t e r  in  g. 
Among the  female parents  MAl, MA3, MA9 and 623A performed equally be t t e r  
i n  Kharif and seasons. The overa l l  hybrid mean f o r  Kharif was higher 
than t h a t  of Rabi. 
The hybr ids  o f  MR867, MR849 among t h e  males and 623A, 296A, 
MA6 and MA5 among t h e  females had h igher  rimer of  g r a i n s  pe r  pan ic l e  
in t h e  Kharif whi le  hybr ids  of male p a r e n t s  MR864, MR867, MR825 and 
MR849 and hybr ids  o f  female paren t s  623A, MA1, MA2 and MA3 had higher 
number of g r a i n s  p e r  pan ic l e  i n  season. 
Average h e t e r o s i s  over  supe r io r  pa ren t  f o r  g r a i n  number per  
pan ic l e  was 12% i n  Kharif a!ld 14% during season (Appendix B.5). 
- 
In  t h e  Khar i f ,  t h e  hybr ids  of  t h e  female pa ren t s  6 2 3 A ,  M A l ,  
MA2, MA5, MA6 and 2077A e x h i b i t e d  more h e t e r o s i s  than o the r s .  Consi- 
der ing  t h e  r e s t o r e r s ,  MR849 hybr ids  showed t h e  h ighes t  h e t e r o s i s  ( 4 2 % ) .  
MR803 and MR867 were o t h e r  male pa ren t s  which produced super ior  
hybrids. I n  t h e  Kharif between MA1 x MR849 showed maximum h e t e r o s i s  
(66%) followed by t h a t  of  MA1 x MR803 (65%) . 
During t h e  K, 2077A c rosses  showed higher average h e t e r o s i s  
(33%) followed by MA3, MA1 and 296A. Among male pa ren t s ,  MR867, MR861 
MR864 and CS3541 produced hybr ids  wi th  t h e  h ighes t  g r a i n  number. 
Su rp r i s ing ly  MR849, t h e  b e s t  h e t e r o t i c  r e s t o r e r  dur ing  t h e  Kharif was 
i n f e r i o r  i n  and d i d  not  show p o s i t i v e  h e t e r o s i s  i n  any c r o s s  
combinat ions.  
f .  Thousand g r a i n  weight: Average 1000  g r a i n  weight of  hybr ids  
and t h e i r  corresponding p a r e n t s  is presented  i n  Appendix A.6. 
The hybrids gene ra l l y  showed s l i g h t l y  l i g h t e r  g r a in s  than t he  
paren ts  in t h e  Kharif while Dhe reverse was t r u e  in t he  Rabi. Among 
-
t h e  male paren ts  MR861 and MR803 had heavier  g ra ins  while among the  
female paren ts  MA6 and 623A had heavier  g ra ins .  
Hybrids of  MR861, MR867, MR849, MA4 and 296A had higher a r ray  
means i n  t he  Kharif while hybrids  of MA1, MA3, 623A, MR861, MR864, MR867 
and MR849 had higher a r rav  means i n  t h e  Rabi. 
-
Negative he t e ro s i s  ( f o r  decreased seed weight) was observed i n  
mst of t h e  c ross  combinations (Appendix 8.6).  The majori ty  of t he  parents  
produced hybrids whose average he t e ro s i s  over t he  b e t t e r  parent  was neqative 
i n  both t h e  seasons except MR849 which produced hybrids with increased 
seed weight i n  t he  Kharif (13%)  and i n  t h e  Rabi (17%) seasons. S imi la r ly ,  
hybrids of MR801 and MR864 showed s i g n i f i c a n t  pos i t i ve  he te ros i s  i n  t h e  
Rabi season. 
-
g. Breaking s t rength :  Average g ra in  breaking s t rength  (kg) of 
t he  male paren ts  was higher  than t h a t  of t he  female parents  (Appendix A.7). 
The hybrid a r r ay  means of male paren ts  were genera l ly  lower than those of 
t h e  paren ts ,  however t h e  a r r ay  means of female paren ts  were higher  than 
t h e i r  corresponding pa ren t a l  means. 
Dminance was i n  t h e  d i r e ~ z i o n  of harder  gra ins .  Array means 
of 623A, MA4, MA9, MR867 and MR824 were higher  i n  t h e  Kharif season while 
i n  t h e  623A hybrids  exhib i ted  higher  g r a in  breaking s trength.  
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Overall, gra ins  of the  hybrids were l e s s  hard than the  parents. 
Average heteros is  was generally negative (Appendix B . 7 ) ,  however the  
crosses of the  parents MR849 and 62311 exhibited posi t ive  heteroi is .  
h. % f loa te r s :  Average % f l o a t e r s  fo r  hybrids and parents with 
Kharif and Rabi seasons a r e  shown in  Appendix A.8. 
-
The hybrids generally showed denser grains than the parents. 
During the  Kharif the  res to re r  MR824 exhibited the higher percentage of 
f l o a t e r s  a s  of the  array mean of i t s  hybrids whereas MR867 and C S 3 5 4 1  did 
not d i f f e r  s ign i f i can t ly  from t h e i r  respective array means. I n  the  
Rabi season the same trend was observe except fo r  the  res torer  MR867 
-
which showed denser gra ins  than the  array mean of i t s  hybrids. 
The male s t e r i l e  l i n e s  in the  showed very l igh te r  grains 
and t h e i r  f l o a t e r s  percentage was much higher than tha t  in the Kharif 
and ranged from 38% (2219A) t o  99% (MAS). 
Among the  hybrids MA3 x MR867, MA3,x MR824 and 623A x MR867 showed 
small values (2%) i n  the  Kharif while in  the  Rabi the denser hybrids 
were 2219A x MR867 (4%),  2219A x MR824 (5%) and MA1 x MR824 (5%). 
The overa l l  he teros is  during the  Kharif was -24% while it was -6.7t 
(Appendix B.8) i n  the  season. The range of magnitude of heteros is  
was l a rge r  during t h e  Kharif s ince it varied from -89% up t o  238% while 
during it varied from -95% t o  194%. 
In the  Kharif 41 hybrids expressed s ign i f i can t  (p-0.01 o r  
p=0.05) he te ros i s  while i n  season 31 cross  combinations 
s t a t i s t i c a l l y  s i g n i f i c a n t  (PO. 01 o r  ~ 0 . 0 5 )  he te ros i s  e i t h e r  pos i t ive  
o r  negative. 
i. Percentage of water absorption: Heterosis fo r  t h i s  t r a i t  
was expressed based on t h e  parent  which showed l e s s  water uptake 
(Appendix B . 9 ) .  Average percent water absorption of 2077A and MR824 
was higher than t h e  o ther  parents  while gra ins  of MR861 absorbed l e s s  
water. Hybrids of  2077A and 296A absorbed l e s s  water than t h e i r  
parents. (Appendix A .  9)  . The hybrids, although absorbed s l i g h t l y  
more water than the  b e t t e r  parent ,  the  values were s t a t i s t i c a l l y  non- 
s ign i f i can t .  
Speci f ic  combinations with MA5 and MR861, showed s ignif icant  
pos i t ive  he te ros i s  only i n  E. 
j. P a r t i c l e  s i z e  index: The hybrid ar ray mean of female parents 
were lower than those of t h e  parents  (Appendix A . l O ) .  In case of male 
parents,  t h e  hybrids showed lower averages i n  t h e  Kharif than t h e i r  
corresponding parents  while t h e  reverse  was t r u e  i n  t h e  =. 
The h e t e r o s i s  w a s  expressed on t h e  parent  which hadl less  p.s.i. 
value. Average h e t e r o s i s  i n  t h e  Kharhf season was negative while it 
was s i g n i f i c a n t l y  p o s i t i v e  i n  t h e  (Appendix B.lO). 
Hybrids of MAS and 2077A had lower (negative) values i n  t h e  
Kharif and higher (pos i t i ve )  values i n  t h e  =. Among the  male 
parents ,  hybrids of MR861 showed pos i t i ve  and high he t e ros i s  i n  t h e  
Rabi. 
-
k. Rolling qua l i t y :  The hybrids array means of females Were 
gene-;ally higher than those of  t n e i r  parents  i n  both seasons t~ppend ix  ~ . 1 1 )  
2077A and 296A showed paor r o l l i n g  qua l i t y  i n  both seasons. 
The hybrid a r ray  means of males were s l i g h t l y  lower than t h e i r  
corresponding parents  i n  Kharif and expressed almost equal values in 
Rab i . 
-
Heterosis  over b e t t e r  parent  f o r  r o l l i n g  qua l i t y  was e i t h e r  absent 
o r  t h e  magnitudes were very low (Appendix B . l l ) .  
Among t h e  hybrids 296A x MR861 and MA5 x MR824 showed highly 
s i g n i f i c a n t  p o s i t i v e  and negat ive he t e ros i s  respec t ive ly .  
1. Gel spreading: In  t he  Kharif season g e l  spreading (mm) of 
male parents  ranged from 58.7 t o  70.3 mm (Appendix A . 1 2 ) ,  while t h e i r  
hybrid a r ray  means ranged from 58.6 t o  63.4 nun. In  t he  case of female 
parents ,  g e l  spreading range was from 61.7 t o  75.7 nun and t h e i r  hybrid 
a r ray  means ranged from 59.9 t o  62.8 nun. Similar  t r ends  were observed 
i n  t h e  Rabi season. 
The parent showing more ge l  spreading was considered as  the 
be t t e r  f o r  heterosis  calculat ion.  In general there was s ign i f ican t  
negative heterosis  in both seasons (Appendix B. 12) . 
The female parents 2077A and 296A produced he te ro t ic  hybrids 
with decreased gel  spreading. A l l  male parents produced hybrids with 
negative heterosis .  
IV.3. GENERAL AND SPECIFIC COMBINING ABILITY AND COMPONENTS OF GENETIC VARIANCE 
a. Days t o  50% flowering: Variance estimates of combining a b i l i t y  
for  days t o  50% flowering (Table 13) showed tha t  variance due t o  GCA 
was predominant and several  times la rger  in  magnitude than variance due 
t o  SCA in t he  Kharif. However t he  GCA/SCA variance r a t i o  was re la t ive ly  
low in  t he  Rabi season. The GCA variance among males was larger  than 
-
among females parents  (Table 1 4 ) .  
In t he  Kharif male parents  (Appendix C . l ) .  MR801 and MR824 showed 
highly s ign i f ican t  GCA e f f e c t s  f o r  ear l iness ,  while MR849 showed highly 
pos i t ive  GCA e f f e c t  f o r  la teness .  Among the  female parents MA1, MA2 and. 
221919 expressed highly s i gn i f i c an t  GCA e f f e c t s  f o r  lateness. 
During t he  Rabi t he  male MR849 exhibited s ign i f ican t  GCA e f f ec t  
-
fo r  la teness  while CS3541 showed a s ign i f ican t  GCA e f f ec t  f o r  ear l iness .  
Among the  females, MA2, MA6 and 2219A showed s ign i f ican t  GCA e f f ec t  for  
Table 13 K A / S C A  Ratios for various asronomic and qrain 
quality characters in Kharif and Rabi-hybrid Experiments 
2 
a GCA u *SCA 2 a 2 ~ ~ ~ / a  SCA 
Characters K R K R K R 
- 
(1) 
Days 50% flower 8.25 
Plant height 494.88 
Panicle length 4.08 
Gr. yield/panicle 70.90 
No. grainshead 40946 
1000 grains weight 4.69 
Breaking strength 0.47 
Floaters percentage 2.19 
( 2 )  
Water absorption 2.12 
particle size index 19.00 
Rolling quality 0.16 
Gel spreading 2.02 
*assumed zero since SCA mean square was lower than error mean square. 
1. Characters studied based on 99 hybrids. 
2. Characters studied based on 20 hybrids. 
V a r i a n c e  C o m p o n e n t s  fo r  G e n e r a l  a n d  S p e c i f i c  Combining A b i l i t y  
amonq the hybrids in Kharif and Rabi 
Characters 
(1) 
Days to flowering 9.95 0.06 6.17 0.42 0.61 0.11 16.31 0.54 10.12 3.79 
Plant height 687.98 440.10 227.36 235.26 66.60 26.22 10.33 16.78 3.41 8.97 
Panicle Length 3.12 2.25 5.26 2.84 1.00 0.87 3.12 2.59 5.26 3.28 
Gr. yield/panicle 112.52 134.35 20.03 40.54 11.06 27.56 10.18 4.87 1.81 1.47 
No. of Gr./panicle 51099.09 72464.48 28540.44 33641.78 25800.00 12827.53 1.98 5.65 1.11 2.62 
1000 grains weight 7.60 10.58 1.14 2.02 1.78 1.99 4.27 5.32 0.64 1.02 
Breaking strength 0.53 0.77 0.39 0.60 0.28 0.17 1.87 4.46 1.37 3.49 
Floaters percentage 0.54 0.45 1.65 1.28 0.65 0.31 0.82 1.45 2.53 4.13 
Water absorption (2) 4.28 8.12 0.40 0.94 0.43 0.44 9.87 18.59 0.93 2.16 
Particle size index 13.00 3.14 5.96 4.02 5.64 O.OO+ 2.30 - 1.04 - 
Rolling quality 0.32 0.32 0.28 0.05 0.67 0.02 0.03 16.00 0.42 2.50 
Gel spreading 2.57 1.34 1.58 0.99 1.18 0.09 2.17 15.52 1.34 11.00 
*assumed zero since SCA mean square was lower than error mean square. 
(1) Characters studied based on 99 hybrids. (2) Characters studied based on 20 hybrids. 
e a r l i n e s s .  Among t h e  females, MA2, MA6 and 2219A showed s i g n i f i c a n t  
GCA e f f e c t  f o r  e a r l i n e s s  while  2077A, 623A and 296A showed s i g n i f i c a n t  
GCA e f f e c t  f o r  l a t e n e s s .  
About 15  hybr ids  exh ib i t ed  h igh ly  s i g n i f i c a n t  SCA e f f e c t s  and 
about ha l f  of them had nega t ive  ( f o r  e a r l i n e s s )  s ign .  
b. P l an t  he ight :  GCA var iances  f o r  p l a n t  he igh t  were l a r g e r  i n  
magnitude than SCA var iance  (Table 1 3 )  and GCA/SCA var iance  r a t i o s  were 
very high,  p a r t i c u l a r l y j i n  Rabi season. The GCA va r i ances  of t h e  male 
pa ren t s  was l a r g e r  than  t h e  GCA var iances  of  t h e  female pa ren t s  ind i -  
c a t i ng  g r e a t e r  v a r i a t i o n  among t h e  males compared t o  t h e  females. The 
GCA and SCA var iances  showed s i m i l a r  t r e n d  i n  t h e  Kharif a s  wel l  a s  i n  
t h e  Rabi (Table 14 ) .  
-
An examination of GCA e f f e c t s  f o r  t h e  male pa ren t s  revealed t h a t  
MR801, MR824, MR825 and CS3541 showed nega t ive  e f f e c t s .  MR867 exh ib i t ed  
h igh ly  p o s i t i v e  e f f e c t s  i n  both seasons,  while  MR849 showed p o s i t i v e  
e f f e c t s  on ly  i n  t h e  Kharif (Appendix C.2).  
Among t h e  female p a r e n t s ,  HAl, MA9 and 2219A exh ib i t ed  negat ive 
GCA e f f e c t s  while  296A, 2077A and 623A showed p o s i t i v e  va lues  during 
t h e  Kharif.  I n  t h e  Rabi season MA6 showed h igh ly  s i g n i f i c a n t  GCA e f f e c t s  
f o r  sho r tne s s  while  MA2 and MA3 showed s i g n i f i c a n t  p o s i t i v e  e f f e c t s .  
SCA e f f e c t s  were highly s i g n i f i c a n t  (p=0.01) f o r  31 crosses i n  
t h e  Kharif while only 7 c rosses  showed s i g n i f i c a n t  e f f e c t s  during 
the  g. 
The frequency of p o s i t i v e  and negat ive SCA e f f e c t s  was about 
t h e  same i n  both t h e  seasons. 
c. Panic le  lenqth:  GCA var iances  were t h r e e  t o  four  times la rger  
than SCA variances (Table 1 3 ) .  In con t r a s t  t o  days t o  50% flowering 
and p l an t  he ight ,  t h e  GCA variances of t h e  females fo r  panicle  length 
were higher than those  of male parents  i n  both t h e  seasons (Table 1 4 ) .  
The magnitude of SCA variances were moderate although they were r e l a t i v e l y  
l e s s  than GCA variances f o r  each s e t  of parents ,  v i z ;  males and females. 
Among t h e  eleven female parents  2219A, 2077A, 296A and 623A showed 
pos i t i ve  GCA e f f e c t s  f o r  panic le  length  while almost a l l  t h e  o the r s  
showed negat ive e f f e c t s  i n  both t h e  seasons (Appendix C .  3) . Among t h e  
male parents  MR801, MI3864 and MR824 exhib i ted  s i g n i f i c a n t l y  des i r ab l e  
GCA e f f e c t s  i n  both t h e  seasons while MR861, MRE67 and CS3541 showed 
s i g n i f i c a n t l y  negat ive GCA e f f e c t s .  I t  seems necessary t o  note t h a t  
although 623A showed s i g n i f i c a n t  (p=0.01) p o s i t i v e  GCA e f f e c t s ,  severa l  
Of i t s  c ros se s  expressed s i g n i f i c a n t  (p=0.01) negat ive SCA e f f e c t s .  
The crosses  MAl x MR803, MAl x MRB49, 2077A x MR801, 2077A x 
MR825 and 623A x MR825 showed d e s i r a b l e  SCA e f f e c t s  i n  t h e  m r i f  
while 2077A x m801 and 296A x CS3541 were t h e  b e s t  during m. 
d. Grain y ie ld  per panicle:  As in  the  case of the  o ther  chara- 
c t e r s  discussed,  GCA variances f o r  gra in  yield/panicle were three  t o  
s i x  times l a rge r  than SCA variances (Table 1 3 ) .  The GG4 variances of 
male parents were several  times larger  than t h a t  of females (Table 1 4 ) .  
Consequently the  GCA/SCA variances r a t i o s  of female parents were much 
lower than t h a t  of the  male parents. 
A study of t h e  GCA e f f e c t s  of the  male parents  showed t h a t  MR867 
and MR849 exhibited strong posi t ive  e f f e c t s  i n  the  Kharif as  well a s  
i n  t h e  Rabi (Appendix C . 4 ) .  On the  other hand MR801, MR825 and CS3541 
showed s ign i f i can t  (p=0.01) negative GCA e f fec t s .  Amonq t h e  females 
623A was the  bes t  i n  the  Kharif as  well as  i n  Rabi. 
Parent 2219A showed s ign i f i can t  (p=0.01) negative GCA e f fec t s .  
Among the  newly developed female parents MA4 showed s ign i f i can t  (p=0.05) 
pos i t ive  e f f e c t s  in  the  Kharif while MA1 and MA3 exhibited s ign i f i can t  
(p=0.01) e f f e c t s  during t h e  E. Signif icant  SCA e f f e c t s  were observed 
i n  some of the  hybrids of 296A. 
e. Number of g ra ins  per panicle: The magnitude of GCA and SCA 
variances was considerably high although the  GCA variances were larger  
(Table 1 3 ) .  The GCA/SCA variance r a t i o  f o r  g ra in  number per panicle was 
smaller compared t o  t h a t  of t h e  o ther  characters  i n  t h e  Kharif season. 
However, t h e  proportion of GCA variance was much more than SCA variance 
in  the Rabi season. 
The G09 variances of t h e  males were higher  than t h a t  of t he  
females (Table 14) .  The GCA/SCA variance r a t i o s  were r e l a t i v e l y  lower 
i n  t h e  Kharif than i n  t he  w. They were however, more than one 
i n  both t he  seasons. 
An examination of t h e  GCA e f f e c t s  of t h e  t e s t e r s  revealed t h a t  
MR867 and MR849 exhib i ted  s t rong p o s i t i v e  e f f e c t s  while CS3541, MR801 
and MR802 exhib i ted  s i g n i f i c a n t  (p=0.01) negat ive e f f e c t s .  Among the  
female paren ts  296A and 623A showed s i g n i f i c a n t  (p=0.05 and ~ 0 . 0 1 )  
r e spec t i ve ly )  and p o s i t i v e  GCA e f f e c t s  durnng Kharif. Female paren ts  
MA3, 2077A and 623A showed p o s i t i v e  and s i g n i f i c a n t  (p=0.01) GCA e f f e c t  
in  Rabi season while MA4 and MA6 showed negat ive GCA e f f e c t s  in  t he  
(p=0.01) (Appendix C.5). 
Crosses 296A x CS3541 and 296A x MR867 showed highly s i g n i f i c a n t  
(p=0.01) and l a rge  SCA e f f e c t s  i n  t h e  w. There were 16  c rosses  
exhib i t ing  s i g n i f i c a n t  SCA e f f e c t s  e i t h e r  i n  Kharif o r  i n  t h e  w. 
f .  Thousand g ra in  weight: The GCA var iances  were predominant and 
t he  GCA/SCA variance r a t i o s  were high,  p a r t i c u l a r l y  i n  t he  (Table 13). 
GCA variances of t h e  males were very high compared t o  females (Table 1 4 ) .  
The male pa ren t s  MR861, MR867 and MR849 showed s i g n i f i c a n t  pos i t i ve  
GCA e f f e c t s  (Appendix C . 6 )  while MR801, MR825 and CS3541 showed s ign i f i c an t  
negative GCA e f f e c t s .  None of t h e  female pa ren t s  showed cons i s t en t l y  
pos i t ive  GCA e f f e c t s  i n  both seasons. MA4 exhibi ted  des i rable  GCA 
e f f e c t s  i n  the  Kharif while 623A showed pos i t ive  GCA i n  the  Rabi. 
-
g. Breaking s t r eng th :  GCA variances were l a rge r  than SCA 
variances. However, t h e  GCA/SCA variance r a t i o  was much lower in  the  
Kharif season (Table 1 3 )  than i n  the  Rabi. The GCA variances were 
-
l a rge r  f o r  the  male parents  than f o r  female parents  (Table 14). 
Signif icant  p o s i t i v e  GCA e f f e c t s  were exhibi ted  only by 623A 
and MR867 (Appendix C.7). A l l  t h e  o ther  parents  exhibi ted  non-signi- 
f i c a n t  e f f e c t s .  MA4 and MA9 showed p o s i t i v e  GCA e f f e c t s  i n  the K h a r i f  
season only. 
There were 8 and 18 hybrids showing s i g n i f i c a n t  SCA e f f e c t s  i n  
t h e  Kharif and Rabi seasons respectively.  The crosses  296A x MI3861 
and 623A MR867 showed t h e  highest  SCA e f f e c t s .  
h. Percent f l o a t e r s :  Variances f o r  general  and spec i f i c  
combining a b i l i t y  a r e  shown i n  Table 13. The var iances  of GCA were 
higher than SCA var iances  and t h e  GCA/SCA variance r a t i o s  var ied  from 
3.4  i n  t h e  Kharif t o  5.6 i n  the  Rabi. 
-
Among t h e  female parents  MA1, MA2, MA3, MA4, 2219A and 623A 
exhibi ted  negative and s i g n i f i c a n t  (p=0.01) e f f e c t s  i n  t h e  Kharif while 
only two r e s t o r e r s  showed s i g n i f i c a n t  (~0.01) negative GCA e f f e c t s  
viz .  m 8 6 7  and MR824. In  t h e  season, t h e  same parents  exhibi ted  
negative and s i g n i f i c a n t  e f f e c t  e0.01) except MA4 whose e f f e c t  was 
non-significant  negative.  
i. Percent  water absorpt ion:  S ign i f i can t  GC9 var iances  were 
observed (Table 13) .  The magnitude of SCA var iance  was non-signif icant .  
S imi l a r l y  GCA var iances  of t h e  t e s t e r s  was s i g n i f i c a n t  while those  of 
female pa ren t s  were very low (Table 14 ) .  
Among t h e  5 male pa ren t s  s tud ied ,  MR861 exh ib i t ed  s i g n i f i c a n t  
negat ive GC9 e f f e c t s  while MR824 and MR825 showed s i g n i f i c a n t  p o s i t i v e  
e f f e c t s  (Appendix C . 9 ) .  
j. P a r t i c l e  s i z e  index: GCA var iances  were r e l a t i v e l y  l a rge  
compared t o  t h e  SCA var iances  (Table 13) .  GCA var iances  amonq t h e  male 
pa r en t s  were much higher  than  those  of female pa ren t s  (Table 1 4 ) .  
The male pa ren t s  MR861 and MR864 showed s i g n i f i c a n t  (p=0.01) 
p o s i t i v e  GCA e f f e c t s  while MR824 showed s t rong ly  nega t ive  e f f e c t s  (p=0.01) 
(Appendix C . l O ) .  
Among t h e  female pa ren t s  MA9 exhib i ted  nega t ive  GCA e f f e c t s  while 
296A showed s i g n i f i c a n t  (p=O. 05 and p=0.01) r e spec t i ve ly )  p o s i t i v e  GCA 
e f f e c t s  i n  t h e  Rabi season. 
-
Only t h r e e  c ro s se s  exh ib i t ed  s i g n i f i c a n t  (p=0.05) SCA e f f e c t s ,  
v i z ;  MA5 x MR824, 2077A x MR825 and 296A x MR824 i n  season. 
3. Rol l ing  qua l i t y :  GCA var iance  was h igher  t l ~ n  t h e  SCA i n  t h e  
Rabi season (Table 1 3 ) .  On t h e  cont ra ry  t h e  r eve r se  was t r u e  i n  t h e  
-
Kharif season. Variances among t h e  male and female pa ren t s  were o f  
t h e  same o rde r  i n  t h e  Kharif season while  on ly  t h e  male pa ren t s  exhib i ted  
s i g n i f i c a n t  GCA var iance  i n  t h e  Rabi season (Table 1 4 ) .  
-
Negative GCA e f f e c t s  were exh ib i t ed  by 207719 and MR825 
(Appendix C.ll). P o s i t i v e  SCA e f f e c t s  were shown i n  t h e  c ro s se s  MA5 x 
MR825 and MA9 x  MR864. 
1. Gel spreading:  GCA va r i ances  were l a r g e r  than  SCA var iances  
i n  both seasons (Table 1 3 ) .  Male and female p a r e n t s  exh ib i t ed  almost 
equal  GCA var iances  (Table 1 4 ) .  
Among t h e  male p a r e n t s  MR864 and MR825 showed p o s i t i v e  GCA 
e f f e c t s  while  MR824 showed s t rong  negat ive e f f e c t s  (Appendix C.12). 
Paren t  296A showed s i g n i f i c a n t l y  p o s i t i v e  GCA e f f e c t s  while MA5 and 
MA9 showed nega t i ve  but  not  s i g n i f i c a n t  GCA e f f e c t s .  
The c ro s se s  MA9 x  MA825 and 236A x MR825 showed s i g n i f i c a n t  
p o s i t i v e  and nega t ive  SCA e f f e c t s  r e spec t i ve ly  i n  t h e  Kharif .  
I V . 4 .  COFSELATION BETWEEN PARENTAL PERFORMANCE AND THEIR GCA EFFECIS 
The c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  between t h e  performance of 
pa ren t s  and t h e i r  corresponinq GCA e f f e c t s  a r e  shown i n  Table 15 f o r  
t h e  va r ious  cha rac t e r s .  
Table 15: Correlation coefficients ( r )  between parental 
performance per se and their qeneral combining 
ability effects in Kharif and Rabi experiments. 
Characters 
Days to 50% flowering 
Plant height 
Panicle length 
Grain yield/panicle 
No. grains/panicle 
1000 grains weioht 
Breaking strength 
Floaters percentage 
Male sterile lines R e s t o r e r s  
Among the  t r a i t s  analyzed days t o  flowering and panicle  length 
showed t h e  highest m r r e l a t i o n  coe f f i c i en t s ,  On the  case of g ra in  y ie ld  
per panic le  and 1000 gra in  weight only t he  r e s t o r e r s  exhibi ted 
s i gn i f i c an t  (p=0.05) coe f f i c i en t s  i n  both t he  seasons. 
The two gra in  qua l i t y  parameters involved i . e .  breaking s t rength  
and f l o a t e r s  percentage showed s ign i f i c an t  (p=0.05 o r  p=0.01) coef f i -  
c i e n t s  i n  t h e  Kharif,  nodever, only t he  males had s ign i f i c an t  (p=0.01) 
coe f f i c i en t  during t he  Rabi season. 
IV.5. GENETIC VARIANCES 
Estimates of t he  compnents of gene t ic  var iances f o r  t he  various 
charac te rs  s tudied a r e  presented in  Table 16. 
L The proportion of add i t i ve  gene t ic  variance (o A )  t o  t he  t o t a l  
2 genet ic  variance ( o  G )  was more than 0.8 fo r  several  charac te rs ,  namely; 
days t o  50% flowering, p lan t  he ight ,  pan ic le  length,  g ra in  y ie ld  per 
panicle  and percent of water absorpt ion,  ind ica t ing  t h a t  addi t ive  gene 
ac t ion  i s  t h e  predominant kind of gene ac t ion  governing these  characters .  
The charac te rs  which showed s i g n i f i c a n t  proportion of non-additive 
gene ac t ion  include number of g r a in s  per  panic le ,  1000 gra in  weight, 
breaking s t r eng th ,  p a r t i c l e  s i z e  index, r o l l i n g  q u a l i t y  and ge l  spreading, 
However, non-additive gene ac t ion  was not of much importance i n  t h e  
2 2 
season and even during Kharif t h e  magnitude of a D was much lower than 0 A. 
Thus f o r  almost a l l  t h e  charac te rs  s tud ied ,  add i t i ve  gene ac t ion  is probably 
t he  most important mode of inher i tance .  

V. DISCUSSIONS AND CONCLUSIONS 
Results from t h e  ana lys i s  of var iance of t h e  hybrid experiments 
ca r r i ed  out  i n  Kharif and Rabi enable one t o  evaluate  t he  extent  of 
genet ic  va r i a t i on  presen t  in  t he  mater ia l  under study. In both t he  
seasons, t he  r e s u l t s  followed the  same t rend  i.e. qene t ic  va r i a t i on  due 
t o  t he  t e s t e r s  was higher than t h a t  f o r  t he  male s t e r i l e  l i n e s  fo r  a l l  
t he  charac te rs  except days t o  50% flowering in  the  s. I t ind ica tes  
t h a t  g r ea t e r  gene t ic  v a r i a b i l i t y  was present  amonq the  males. These 
r e s u l t s  were p r ed i c t ab l e  s ince t he  t e s t e r s  se lec ted  were a  sample from 
a  l a rge  population of d iverse  r e s t o r e r s  while t he  male s t e r i l e  l i n e s  
were e i t h e r  commercial l i n e s  cur ren t ly  being used in India o r  newly 
developed l i n e s  but with a  narrow gene t ic  background (Table 2 ) .  Relat ively 
low v a r i a b i l i t y  among the  female paren ts  might be due t o  t h e i r  s e l ec t i on  
f o r  reduced he ight  which is  known t o  a f f e c t  o ther  charac te rs  in  sorqh~xn 
(Campbell e t  a l , ,  1975; and Goud and Vasudeva Rao, 1977). Similar  
r e s u l t s  were reported by Kambal (1962) and Paisan (1975). However, Ee i l  
(1965) observed cont rad ic tory  r e s u l t s .  
In  genera l ,  t h e  magnitude of gene t ic  v a r i a b i l i t y  was r e l a t i v e l y  
low i n  r e s t r i c t e d  L x T s e t  (20  hybrids)  s tudied f o r  t h e  qua l i t y  para- 
meters. This  i s  obviously due t o  t h e  small sample s i ze .  
The es t imates  of t h e  magnitude of general  and s p e c i f i c  combining 
a b i l i t y  a r e  based on s eve ra l  assumptions, For t h e  i n t e rp re t a t i on  of 
t h e  presen t  r e s u l t s  it was assumed t h a t  t h e  d i f f e r ences  i n  general  combinins 
a b i l i t y  a r e  mainly based on d i f f e r ences  i n  add i t l ve  e f f e c t s  and 
d i f f e r ences  i n  s p e c i f i c  combining a b i l i t y  a r e  due t o  t h e  d i f f e r ence  
in  non-additive e f f e c t s  (Sprague and Taturn, 1942). However, Kempthorne 
(1956) has pointed out  t h a t  t h e  non cons idera t ion  of e p i s t a t i c  e f f e c t s  
i n  t h e  i n t e r p r e t a t i o n  of  genotypic components p laces  severe r e s t r i c t -  
ions  on t h e  v a l i d i t y  of  t h e  est imates.  I t  was a l s o  assumed t h a t  a l l  
t h e  pa ren t s  involved ir, t h e  study had an inbreeding c o e f f i c i e n t  (F) 
equal  t o  one. However, Hallauer  and Miranda (1981) have shown t h a t  in  
p r a c t i c e  t h i s  assumption is  f requent ly  not co r r ec t .  I t  was assumed 
t h a t  t h e  inbreds r ep re sen t  a  random sample from a  broad based random 
mating populat ion which i n  r e a l  sense i s  not t r u e ;  only a sample of 
parents  among t h e  l i n e s  developed by t h e  ICRISAT Sorqhum Improvement 
Program was used. Thus, it seems necessary t o  emphasize t h a t  t h e  
parents  i n  t h i s  s tudy d id  not  represent  a random sample of the  ava i l ab l e  
gene t i c  and morphological v a r i a t i o n  i n  g r a i n  sorghums and were presumably 
somewhat narrow based g e n e t i c a l l y .  
For days t o  50% flowering t h e  females MA2, MA6 and 2219A showed 
a  des ipable  GCA e f f e c t  f o r  e a r l i n e s s .  The r e s u l t s  obtained with 221919 
were s i m i l a r  t o  t h o s e  r epo r t ed  by Rao e t  a l .  (1968). Among t h e  r e s t o r e r s  
f i v e  o f  them revea led  high GCA e f f e c t s  f o r  e a r l i n e s s .  However, MR849 
had a s t r i k i n g l y  p o s i t i v e  ( l a t e n e s s )  e f f e c t  during Kharif.  The per- 
formance of t h e  two extreme pa ren t s  2219A and MR849 repeated i n  t h e  
Rabi a l s o  (Appendix A . 1 ) .  
The v a r i a n c e  r a t i o s  o f  GCA/SCA f o r  days  t o  50% f lower ing  
b rough t  o u t  a n  i n t e r e s t ' i n g  f e a t u r e  s i n c e  d u r i n g  t h e  K h a r i f ,  t h e  r a t i o  
was 13.5 w h i l e  d u r i n g  t h e  it was reduced t o  2.0. T h i s  d i s c r e p a n c y  
c o u l d  p r o b a b l y  b e  a t t r i b u t e d  t o  t h e  r e s t r i c t e d  v a r i a b i l i t y  f o r  days  
t o  f l o w e r i n g  d u r i n g  s h o r t  days  ( M i l l e r  e t  a l , ,  1 9 6 8 ) .  It  i s  a l s o  
known t h a t  p l a n t  m a t u r i t y  and h e i g h t  i n  sorqhum a r e  c o n t r o l l e d  by f o u r  
major  genes  (Quinby,  1974) .  T h e r e f o r e ,  t h e  c o n t r o l  of f l owcr inq  is 
p a r t i a l l y  due  t o  some a d d i t i v e  gene  a c t i o n ,  a l t h o u q h  d u r l n g  Rahi bo th  
P 
a d d i t i v e  and n o n - a d d i t i v e  gene  a c t i o n  were s i g n i f i c a n t .  These  r e s u l t s  
conf i rm t h e  f i n d i n g s  o f  Chiang and Smith (1967) Liang and  alter ( 1 9 6 8 ) ;  
Nayarkar  ( 1 9 7 3 ) ;  Dabholkar and Baqhel ( 1 9 8 l a )  and I n d l  and Goud (1981) .  
P l a n t  h e i g h t  d a t a  r e v e a l e d  t h a t  c r o s s e s  w i t h  MA1, MA9 and 2219A 
l e d  t o  s h o r t  h y b r i d s  w h i l e  2077A and 623A r e s u l t e d  in  t a l l  h y b r i d s .  A l l  
t h e  r e s t o r e r s  showed n e g a t i v e  GCA e f f e c t s  e x c e p t  MR849. The GCA/SCA 
v a r i a n c e  r a t i o s  (7.4 f o r  Khar i f  and 13.3 d u r i n g  m) d i s c l o s e d  t h a t  a 
s t r o n g  a d d i t i v e  g e n e  a c t i o n  was r e s p o n s i b l e  f o r  p l a n t  h e i g h t .  S i m i l a r  
r e s u l t s  were o b t a i n e d  by Chiang and Smith (1967)  and I n d i  and Gaud (19811, 
w h i l e  Nayarkar  (1973) r e p o r t e d  t h a t  non-add i t ive  gene  a c t i o n  p l ayed  t h e  
p r i n c i p a l  r o l e  i n  p l a n t  h e i g h t  i n h e r i t a n c e .  As ment ioned e a r l i e r ,  f o u r  
major  d w a r f i n g  g e n e s  a r e  a l s o  known t o  c o n t r o l  i n h e r i t a n c e  o f  h e i g h t  
i n  sorghum (Quinby 1974) .  
For  p a n i c l e  l e n g t h  it was observed t h a t  2077A and MR849 showed 
t h e  h i g h e s t  GCA e f f e c t s  d u r i n g  Kharif  w h i l e  20773 and MR864 had t h e  
h i g h e s t  GCA e f f e c t s  d u r i n g  Rabi. The GCA/SCA v a r i a n c e  r a t i o s  r e v e a l e d  
-
t h a t  a l t h o u g h  a d d i t i v e  gene a c t i o n  was t h e  most impor t an t ,  t h e  non- 
a d d i t i v e  e f f e c t s  a l s o  i n f l u e n c e d  s i g n i f i c a n t l y  t h e  g e n e t i c  c o n t r o l  o f  
t h i s  c h a r a c t e r .  T h i s  o b s e r v a t i o n  i s  i n  agreement w i t h  t h e  r e s u l t s  
o b t a i n e d  by Whitehead ( 1 9 6 2 ) ,  Chiang and Smith (1967)  and Pa i san  (1975) .  
Regarding g r a i n  y i e l d  p e r  p a n i c l e ,  d u r i n g  t h e  Kharif  s eason  o n l y  
t h r e e  male s t e r i l e s  showed s i g n i f i c a n t  p o s i t i v e  e f f e c t s :  MA4, 6 2 3 A  and 296A. 
On t h e  o t h e r  hand,  among t h e  r e s t o r e r s  MR849 and MR867 were s u p e r i o r  
g e n e r a l  combiners.  During Rabi t h e  female  623A r e p e a t e d  ~ t s  good pe r -  
formance fo l lowed  by t h e  newly developed l i n e s  MA3 and MA1. Arnonq t h e  
males ,  t h e  h i g h e s t  GCA e f f e c t s  were due  t o  MH867, MRA64 and MR849. The 
GCA/SCA v a r i a n c e  r a t i o s  showed t h a t  d u r l n q  Khar i f  &he (;CA v a r l a n c e  was 
s i x  t i m e s  h i g h e r  t h a n  t h e  SCA w h i l e  l n  Rabi t h e  va lue  was dep res sed  t o  
-
t h r e e  t i m e s .  Thus, it c o u l d  b e  concluded t h a t  a d d i t i v e  gene  a c t i o n  p l a y s  
t h e  most i m p o r t a n t  r o l e  i n  t h e  i n h e r i t a n c e  o f  g r a i n  y i e l d .  T h l s  was 
obse rved  by many a u t h o r s  (Liang and Wal t e r ,  1968; Liang e t  a l . ,  1968; 
M a t t e i  1974; Sh inde  and Sudewad, 1980a ) .  However, t h e  impor tance  o f  t h e  
non-add i t ive  gene  a c t i o n  can  n o t  b e  r u l e d  o u t ,  a s  p o i n t e d  o u t  by Karnbal 
and Webster  (1965) , Rao (1970) , Govi l  and Murty (1973) and S r i h a r i  and 
Nagur (1980) . 
Concerning number of g r a i n s  per  pan i c l e ,  two male s t e r i l e  l i n e s  
exhib i ted  s i g n i f i c a n t  p o s i t i v e  GCA e f f e c t s  viz. 62% and 296A in  t h e  
Kharif season. Two r e s t o r e r s ,  namely MR849 and MR867 were b e t t e r  
combiners. In  Rabi, 2077A showed higher  GCA e f f e c t  followed by ?1A3 and 
-
623A and among t h e  males t h e  h iqhes t  values were shown by MR864, MR867 
and MR849. The GCA/SCA var iance  r a t i o  revealed t h a t  add i t i ve  and 
non-additive gene ac t i on  a r e  almost o f  equal  i m p r t a n c e  s i nce  during 
t h e  Kharif season t h e  va lue  was only 1.6, although durinq Rabi it was 
increased t o  4.3. These r e s u l t s  confirmed the  f i n d i n ~ s  of Nayarkar (1973) 
and Dabholkar and Baghel (1970a, b ) .  However, Webster (1980),  r e p r t e d  
t h a t  t h i s  t r a i t  was p r imar i l y  con t ro l l ed  b y  non-additive e f f e c t s .  
Thousand g r a i n  weight da t a  showed t h a t  durinq t he  KhariE only  
--- 
MA4 among t h e  female pa ren t s  had p o s i t i v e  and s i g n i f i c a n t  GCA e f f e c t .  
Three r e s t o r e r s ,  MR861, MR867 and MR849 showed p o s i t i v e  general  e f f e c t s .  
During t h e  Rabi, 623A was t h e  b e s t  genera l  combiner followed by MA1 
-
and MA3. Concerning t h e  male pa ren t s ,  MR867 and MR861 showed s i g n i f i -  
cant  va lues  of GCA e f f e c t s .  Since a  predominance of add i t i ve  gene 
ac t i on  was observed, t h e  GCA/SCA var iance  r a t i o s  confirmed the  r e s u l t s  
obtained by Voigt e t  a l ,  (1968),  Dabholkar and Baghel (1980a, b )  and 
P a t i d a r  and Dabholkar (1981). Nevertheless ,  Nayarkar (1973) and Liang 
and Walter (1968) found out  t h a t  a d d i t i v e  gene ac t i on  had a  minor r o l e  
i n  t h e  i nhe r i t ance  of  t h e  charac te r .  
General combining a b i l i t y  e f f e c t s  f o r  g r a in  breaking s t r eng th  
showed t h a t  623A, MA4 and M A 9  exhib i ted  p o s i t i v e  X A  e f f e c t s  (towards 
hard g r a in s )  dur ing  Kharif. One r e s t o r e r ,  MR867 has shown s i g n i f i c a n t  
p o s i t i v e  e f f e c t s  i n  both t h e  seasons. In Rabi only 623A among t h e  
-
male s t e r i l e s  repea ted  i t s  Kharif performance. The GCA/SCA var iance  
r a t i o s  showed a  predominance of add i t i ve  e f f e c t  i n  Kharif a s  wel l  a s  
i n  Rabi, although dur ing  t h e  l a t t e r  season t h e  r a t i o  was higher.  
-
Sr ivas tava  and Ram (1974) ob ta ined  s i m i l a r  r e s u l t s  f o r  breaking 
s t r eng th  i n  wheat. 
Regarding genera l  combining a b i l i t y  f o r  % f l o a t e r s  (Appendix C.8),  
s i x  female pa ren t s :  MA1,  MA2, MA3, MA4, 2219A and 623A and two r e s t o r e r s  
MR867 and MR824 have shown s i g n i f i c a n t  negat ive e f f e c t s  (denser  g r a i n s )  
during Kharif while  i n  t h e  Rabi t h e r e  was a  cons i s t en t  r e s u l t  f o r  t he  
same pa ren t s  except  MA4. The GCA/SCA variance r a t i o s  showed t h a t  t h i s  
cha rac t e r  i s  c o n t r o l l e d  mainly by add i t i ve  gene ac t ion .  
Percentage of water  absorpt ion da t a  f o r  Kharif and revealed 
only one pa ren t ,  MR861 wi th  s i g n i f i c a n t  nega t ive  (p=O. 01) GCA e f f e c t .  
GCA/SCA va r i ance  r a t i o s  revealed a  predominant r o l e  of add i t i ve  gene 
a c t i o n  i n  bo th  t h e  seasons. 
Regarding t h e  cha rac t e r  f l o u r  p a r t i c l e  s i z e  index, i n  t he  Kharif 
season,  two r e s t o r e r s ,  viz .  MR824 and CS3541 have shown s i g n i f i c a n t  
(~=0.01 and p=0.05) nega t ive  GCA e f f e c t s  while  MR861 and MR864 showed 
s i g n i f i c a n t  p o s i t i v e  e f f e c t s .  Among t h e  female pa ren t s  M A 9  showed a  
s i g n i f i d a n t  n e g a t i v e  e f f e c t  w h i l e  2 9 6 A  e x h i b i t e d  s i g n i f i c a n t  p o s i t i v e  
e f f e c t .  Among t h e  h y b r i d s  MA5 x  M R 8 2 4  and 2 0 7 7 A  x  M R 8 2 5  r e v e a l e d  
s i g n i f i c a n t  n e g a t i v e  SCA ( h a r d  g r a i n s )  e f f e c t .  During Rabi t h e r e  
were no s i g n i f i c a n t  e f f e c t s  e i t h e r  f o r  p a r e n t s  o r  h y b r i d s .  The GCA/SCA 
v a r i a n c e  r a t i o  r e v e a l e d  a l m o s t  e q u a l  magni tude  f o r  a d d i t i v e  and non- 
a d d i t i v e  gene  a c t i o n  d u r i n g  Khar i f  w h i l e  i n  = t h e r e  was no s i g n i f i -  
cance  f o r  t h e  SCA mean s q u a r e  and t h e n  t h e  v a r i a n c e  component was 
assumed z e r o .  R e s u l t s  r e p o r t e d  by Aamodt e t  a l .  (1935)  i n  wheat  
b rough t  o u t  t h a t  s o f t  t e x t u r e  ( s o f t  g r a i n s )  was dominant t o  v i t r e o u s  
t e x t u r e  ( h a r d  g r a i n s ) .  Symes (1965)  s t u d i e d  t h e  g r a i n  h a r d n e s s  i n h e r  i- 
t a n c e  i n  wheat  t h r o u g h  p a r t i c l e  s i z e  a n a l y s i s  and showed t h a t  i t  was 
c o n t r o l l e d  by a s i n g l e  major  g e n e ,  a l t h o u g h  t h e  e x i s t a n c e  of minor g e n e s  
a s  m o d i f i e r s  was a l s o  demons t r a t ed .  
Fo r  r o l l i n g  q u a l i t y  d u r i n g  t h e  KhariE s e a s o n ,  two h y b r i d s  MA5 x  
M R 8 2 5  and MA9 x MR864 d u r i n g  Khar i f  have  shown p o s i t i v e  and s i g n i f i c a n t  
SCA e f f e c t s .  The GCA/SCA v a r i a n c e  r a t i o s  b r o u g h t  o u t  o p p o s i t e  r e s u l t s  
f o r  t h e  two s e a s o n s  s i n c e  i n  Khar i f  t h e r e  was a  predominance o f  non- 
a d d i t i v e  gene  a c t i o n  w h i l e  d u r i n g  t h e  Rabi a d d i t i v e  gene  a c t i o n  was more 
i m p o r t a n t ,  P r o b a b l y ,  t h e  i n h e r i t a n c e  of p a r t i c l e  s i z e  i n d e x  is h i q h l y  
i n f l u e n c e d  by t h e  env i ronmen t ,  c o n f i r m i n g  r e s u l t s  o b t a i n e d  by Murty e t  a l ,  
(1981). 
Combining a b i l i t y  e f f e c t s  f o r  g e l  s p r e a d i n g  d i s c l o s e d  t h a t  o n l y  
two r e s t o r e r s  i n  Kharif s e a s o n  had  s i g n i f i c a n t  GCA e f f e c t s ,  v i z .  MR864 
( p o s i t i v e )  and MR824 ( n e g a t i v e ) .  Among t h e  f e m a l e s  o n l y  296A showed 
s i g n i f i c a n t  p o s i t i v e  e f f e c t  d u r i n g  t h e  Khar i f .  Two c r o s s  combina t ions  
v i z .  MA9 x MR825 ( p o s i t i v e )  and 2 9 6 A  x MR825 ( n e g a t i v e )  e x h i b i t e d  
s i g n i f i c a n t  SCA e f f e c t s .  N e v e r t h e l e s s ,  i n  Rabi o n l y  t h e  r e s t o r e r  
MR825 showed s i g n i f i c a n t  (p=0.05) GCA e f f e c t  among a l l  t h e  p a r e n t s .  
None o f  t h e  h y b r i d s  h a s  shown s i g n i f i a a n t  s p e c i f i c  combining a b i l i t y  
e f f e c t .  The d i s c r e p a n c y  o n  t h e  GCA/SCA v a r i a n c e  r a t i o s  (1.7 i n  Khar i f  
and 12 .8  i n  t h e  w) r e v e a l e d  t h e  s t r o n g  e n v i r o n m e n t a l  e f f e c t  o n  t h e  
g e n e t i c  c o n t r o l  o f  t h i s  c h a r a c t e r .  
Al though a d d i t i v e  g e n e  a c t i o n  was t h e  predominant  mode o f  i n h e r i -  
t a n c e  f o r  most  o f  t h e  c h a r a c t e r s ,  s i g n i f i c a n t  amounts o f  h e t e r o s i s  
o v e r  m i d - p a r e n t  a n d / o r  s u p e r i o r  p a r e n t  f o r  s e v e r a l  o f  t h e  c h a r a c t e r s  
i n d i c a t e  t h e  p r e s e n c e  o f  n o n - a d d i t i v e  qene  a c t i o n .  The o v e r a l l  means 
o f  t h e  h y b r i d s  when compared w i t h  t h o s e  o f  p a r e n t s  i n d i c a t e  t h a t  domi- 
nance  i s  g e n e r a l l y  i n  t h e  d i r e c t i o n  o f  e a r l i n e s s ,  t a l l  p l a n t s ,  i n c r e a s e d  
p a n i c l e  l e n g t h  a n d  g r a i n  number and  d e c r e a s e d  seedwe igh t .  I n  g e n e r a l ,  
t h e  p e r f o r m a n c e  o f  t h e  h y b r i d s  w i t h  r e s p e c t  t o  g r a i n  b r e a k i n g  s t r e n g t h ,  
% f l o a t e r s ,  f l o u r  p a r t i c l e  s i z e ,  g e l  s p r e a d i n g ,  and r o l l i n g  q u a l i t y  
i n d i c a t e d  dominance  t o w a r d s  d e n s e r  and  h a r d e r  g r a i n s .  
The  t e x t u r e  o r  h a r d n e s s  o f  t h e  endosperm s u i t a b l e  f o r  v a r i o u s  
t r a d i t i o n a l  p r o d u c t s  were  d i s c u s s e d  b y  Rooney and Murty (1982) .  The  
p a r a m e t e r  % f l o a t e r s  m e a s u r e s  h a r d n e s s  o f  t h e  g r a i n  ( H a l l g r e n  and 
Murty ,  1 9 8 3 ) .  The a v e r a g e  % f l o a t e r s  o f  t h e  p a r e n t s  and h y b r i d s  were  
45 and  1 9  i n  t h e  K h a r i f  and 56 and  2 5  i n  t h e  Rabi r e s p e c t i v e l y .  Less  
-
number o f  f l o a t e r s  i n d i c a t e  h i g h e r  d e n s i t y ,  h a r d e r  t e x t u r e ,  l a r g e  
p a r t i c l e  s i ze ,  t h i c k  g e l s  and  b e t t e r  r o l l i n g  q u a l i t y .  The p r e s e n t  
r e s u l t s  a r e  i n  c o n f o r m i t y  w i t h  t h o s e  o f  H a l l g r e n  and Murty (1983) .  
I n  t h i s  s t u d y ,  h e t e r o s i s  o v e r  mid o r  s u p e r i o r  p a r e n t s  l e a d  t o  
e a r l i e r  bloom, t a l l e r  p l a n t s  and h i g h e r  y i e l d  conf i rming  r e s u l t s  r e p r t e d  
by Arnon and Blum ( 1 9 6 2 ) ,  Quinby ( 1 9 6 3 ) ,  Arnon and B l u m  ( 1 9 6 5 ) ,  Krunbal 
and Webster  (1966)  and P a t a n o t h a i  and A t k i n s  (1971) .  
The magni tude  of o v e r a l l  h e t e r o s i s  compared t o  s u p e r i o r  p a r e n t s  
was n o t  s i g n i f i c a n t  d u r i n g  Khar i f  f o r  q r a i n  y i e l d  p e r  pa r l i c l e .  liowever, 
h e t e r o s i s  o f  i n d i v i d u a l  h y b r i d s  r anged  from -44% t o  108 .8%.  Hybr ids  
made w i t h  t h e  r e s t o r e r  MR849 had t h e  h i g h e s t  e f f e c t  ( 7 1 % ) .  On p e r u s a l  
o f  t h e  d a t a  from Rabi t r i a l s ,  it can b e  o b s e r v e d  t h a t  t h e  magnitude of 
h e t e r o s i s  was r e l a t i v e l y  h i g h e r  t h a n  i n  t h e  Khar i f .  T h i s  was n o t  due  t o  
any inc remen t  i n  t h e  y i e l d  o f  t h e  h y b r i d s  b u t  was due  t o  a  marked real;- 
c t i o n  o f  t h e  y i e l d  o f  p a r e n t s ,  p r o b a b l y  due  t o  t h e  p rema tu re  l o d g i n g  
(Appendix A.9) and t h e  h i g h  i n c i d e n c e  o f  r u s t  ( P u c c i n i a  p u r p u r e a  Cooke) 
(Appendix A . l O )  i n  t h e  Rabi.  
-
The h y b r i d s  o f  MR849 showed h i g h e s t  h e t e r o s i s  f o r  g r a i n  y i e l d  
d u r i n g  K h a r i f ,  p r o b a b l y  b e c a u s e  o f  t h e i r  l a t e  m a t u r i t y  and consequen t  
a v o i d a n c e  o f  t h e  d r y  s p e l l  d u r i n g  August  1982. T h i s  d r y  s p e l l ,  on  t h e  
o t h e r  hand a f f e c t e d  markedly  t h e  h y b r i d s  t h a t  ma tu red  e a r l i e r  ( F i g . 1 ) .  
For thousand g r a i n  weight h e t e r o s i s  was neqat ive  and l e d  t o  
l i g h t e r  g r a i n s  p a r t i c u l a r l y  i n  Kharif.  Heteros is  was neqat ive f o r  
breaking s t r e n g t h  a l s o  dur ing  both t h e  seasons. However, some hybrids 
exh ib i t ed  h igh  and p o s i t i v e  h e t e r o t i c  e f f e c t s  s ince  t h e  ranges var ied  
from -51% t o  29% i n  Kharif and -42% t o  4 0 %  in  Rabi season. 
The magnitude o f  h e t e r o s i s  f o r  t h e  cha rac t e r s  percentaqe of 
water abso rp t ion ,  p a i t l c l e  s i z e  index, r o l l i n g  q u a l i t y  and ( jel  spread- 
ing was smal l ,  probably due t o  t h e  low l e v e l  of qene t i c  v a r i a b i l i t y  
among t h e  pa ren t s  s ince  only  fou r  male s t e r i l e s  and f i v e  r e s t o r e r s  
were used. 
A s  po in ted  ou t  e a r l i e r ,  t h e  inconsistency of some of t h e  combin- 
ing a b i l i t y  and h e t e r o s i s  es t imates  over t h e  two seasons,  pa r t  i c u l a r l y  
f o r  g r a i n  y i e l d  and q u a l i t y  c h a r a c t e r s ,  was p a r t l y  due t o  the e f f e c t  
of severe  damage caused by l ea f  r u s t  (Puccinia  purpurea Cooke) in t h e  
Rabi experiments. The occurance of t h i s  d i s e a s e  l e d  t o  poor g r a i n  
-
f i l l i n g  and consequently t o  poor t e x t u r a l  p r o p e r t i e s  of t h e  g r a i n  and 
u l t i m a t e l y  t o  t h e  b iased  e s t ima te s  of f l o u r  p a r t i c l e  s i z e ,  percentage 
of water  absorp t ion ,  dough r o l l i n g  q u a l i t y  and g e l  spreading. 
Premature lodging of many e n t r i e s  i n  t h e  season a l s o  l ed  t o  
s i m i l a r  e f f e c t s .  A cursory  examination of t h e  average v i s u a l  scores  
of  lodging and r u s t  (Appendics A.9 and A.10) i n d i c a t e s  l im i t ed  gene t i c  
v a r i a t i o n .  None of t h e  pa ren t s  showed lodging during t h e  ~ h a r i f  season 
while most of t h e  hybrids lodged. However, it i s  important t o  note 
t h a t  t h e  hybrids of MA9, MA6 and 29611 exhib i ted  t h e  lowest scores. 
Among t h e  r e s t o r e r s ,  hybrids of MR861 and MR849 showed l e s s  Lodging. 
In t h e  Rabi season, however, t h e  r e s u l t s  were confounded due t o  
-
t he  s eve r i t y  of r u s t  which probably hastened lodging. Spec i f ic  combina- 
t i o n s  of 623A, MA9, MA3 and MA4 and MR867, MR861 and MR849 showed the  
l e a s t  lodging scores .  The r u s t  scores  showed tha t  MR864 was almost 
f r ee  from r u s t  and i t s  hybrids were t he  l e a s t  a f fec ted .  
Among t h e  99 hybrids ,  t he  spec i f i c  crosses  M A 5  x  MR864 and MA6 x 
MR864 exhib i ted  t he  lowest r u s t  damage. Inheri tance of r u s t  i s  reported 
t o  be cont ro l led  by major genes (Coleman and Dean, 1361 and Rana e t  a l . ,  
1976). 
Estimates of t h e  components of genotypic varlance have shown 
higher l e v e l s  of add i t i ve  e f f e c t s  than the  CCA/SCA variance r a t i o s ,  probably 
because it was assumed t h a t  t he  parents  involved in  t h i s  study were 
purely homozygous (inbreeding c o e f f i c i e n t ,  F= l )  which l ed  t o  an i n f l a t i o n  
in  t h e  add i t i ve  e f f e c t s  i n  detriment of t h e  non-additive, in which 
e p i s t a s i s  should be included. 
Corre la t ion  c o e f f i c i e n t s  between paren ta l  performance and t h e i r  
GCA e f f e c t s  were f requent ly  high and mostly s i g n i f i c a n t  i n  both t he  
seasons (Table 16) .  However, performance per  s e  does not seem t o  enable 
t he  breeders  t o  s e l e c t  paren ts  f o r  t he  production of t he  bes t  hybrids 
b e c a u s e ,  s e v e r a l  p r o d u c t i v e  h y b r i d s  c o u l d  n o t  b e  p r e d i c t e d  on t h e  
b a s i s  o f  p a r e n t a l  per formance .  Moreover,  many o f  t h e  c o r r e l a t i o n s  
were n o t  s t a b l e  o v e r  s e a s o n s .  These  o b s e r v a t i o n s  a r e  i n  ag reemen t  
w i t h  t h e  f i n d i n g s  o f  Niehaus  and P i c k e t t  ( 1 9 6 6 ) ,  Rao ( 1 9 7 2 ) ,  M a t t e i  
(1974)  and  Bho la  Nath (1983) .  Kirkby and A t k i n s  ( 1 9 6 8 ) ,  C o l l i n s  and  
P i c k e t t  (1972)  and S i n g h a n i a  a n d  Rao (1975)  o b s e r v e d  t h a t  even thouqh  
s u p e r i o r  p a r e n t s  g e n e r a l  p roduced  h i g h e r  y i e l d i n g  h y b r i d s  it d o e s  n o t  
mean t h a t  t h e  b e s t  h y b r i d s  o r i g i n a t e  f rom t h e  b e s t  s u p e r i o ~  combiners  
o r  h i g h e r  y i e l d i n g  p a r e n t s .  P r o b a b l y ,  t h e  s e l e c t i o n  o f  p a r e n t s  based  on 
t h e  p a r e n t a l  pe r fo rmance  per - se t o g e t h e r  w i t h  t h e  GCA e f f e c t s  s h o u l d  
h e l p  t h e  b r e e d e r s  i n  t h e  f i r s t  s t a g e s  o f  a b r e e d i n g  program. 
From t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  t h e  f o l l o w i n g  i n f e r e n c e s  
c a n  be made: 
1. C h a r a c t e r s  c o n t r o l l e d  by q u a n t i t a t i v e  i n h e r i t a n c e  s u c h  a s  
g r a i n  y i e l d  p e r  p a n i c l e  and g r a i n  number a l t h o u g h  r e v e a l e d  
s t r o n g  a d d i t i v e  g e n e  a c t i o n ,  t h e y  were  a l s o  t o  some e x t e n t  
a f f e c t e d  b y  n o n - a d d i t i v e  g e n e  a c t i o n .  
2. A d d i t i v e  a c t i o n  o f  minor  g e n e s  a l s o  p l a y s  s i g n i f i c a n t  r o l e  
i n  t h e  i n h e r i t a n c e  o f  c h a r a c t e r s  known t o  b e  g o v e r n e d  b y  
m a j o r  g e n e s  a s  i n  t h e  c a s e  o f  p l a n t  h e i g h t  and  d a y s  t o  50% 
f l o w e r i n g  . 
3. The f r e q u e n t  i n c o n s i s t e n c y  o f  combining a b i l i t y  e f f e c t s  o v e r  
s e a s o n s  f o r  s e v e r a l  o f  t h e  c h a r a c t e r s  i n d i c a t e d  t h a t  c a u t i o n  
must  be e x e r c i s e d  i n  t h e  g e n e r a l i z a t i o n  o f  r e s u l t s  and e x t r a -  
p o l a t i n g  i n t e r p r e t a t i o n s ,  The r e s u l t s  on combining a b i l i t y  
a n a l y s i s  can  be a p p l i e d  o n l y  t o  t h e  s p e c i f i c  envi ronments  i n  
which t h e y  were o b t a i n e d  and t h e  s p e c i f i c  p a r e n t s  used.  Hela- 
t i v e l y  more env i ronmen ta l  e f f e c t s  were obse rved  f o r  p e r c e n t  
w a t e r  a b s o r p t i o n ,  f l o u r  p a r t i c l e  s i z e  and r o l l i n g  q u a l i t y .  
4. Comparison of  p a r e n t a l  per formance  -- p e r  se and g e n e r a l  combin- 
i n g  a b i l i t y  e f f e c t s  showed t h a t  n e i t h e r  o f  them can i n d i v i -  
d u a l l y  a lways  p r e d i c t  t h e  most p r o d u c t i v e  h y b r i d s .  However, 
i n f o r m a t i o n  o n  b o t h  o f  t h e s e  p a r a m e t e r s  can  p robab ly  h e l p  t h e  
b r e e d e r s  i n  t h e  i n i t i a l  s t a g e s  o f  a h y b r i d  b r e e d i n g  p r o q r m  
t o  choose  p a r e n t s  f o r  e x t e n s i v e  use .  
5. The h e t e r o s i s  and combining a b i l i t y  r e s u l t s  showed t h a t  t h e  
b r e e d e r s  s h o u l d  pay more a t t e n t i o n  f o r  f u r t h e r  e v a l u a t i o n s  
t o  t h e  f o l l o w i n g  p a r e n t s :  623A, 296A, MA4, MR849 and  MR867 
f o r  t h e  Khar i f  s eason  and 623A ,  MA3, MR867 and MR864 f o r  t h e  
Rabi  s eason .  
6. Based on  t h e  h e i g h t  and n i c k i n g  o f  f l o w e r i n g  o f  t h e  p a r e n t s ,  
h y b r i d  MA1 x MR864 appea red  t o  b e  t h e  b e s t  i n  Rabi  f o r  produ- 
c t i o n ,  s i n c e  it w a s  t h e  s i x t h  i n  o r d e r  among t h e  h i g h e s t  
y i e l d i n g  h y b r i d s  i n  - Rabi and  had t h e  most  d e s i r a b l e  agronomic  
c h a r a c t e r s .  
V I .  SUMMARY 
The ob j ec t i ve s  of  t h i s  study was t o  evaluate  t he  combining 
a b i l i t y ,  performance and variance components of s e l ec t ed  sorghum 
genotypes f o r  t h e  following 12 charac te rs :  days t o  50% flowering, 
p l an t  he ight ,  pan ic le  length ,  g r a in  y i e ld  per  panic le ,  number of q ra ins  
per  panic le ,  thousand g ra in  weight,  breaking s t r eng th ,  % f l o a t e r s ,  
3 water absorp t ion ,  p;l .rt icle s i z e  index, r o l l i n g  qua l i t y  of t h e  
dough and g e l  spreading. 
A s e t  of 20 pa r en t a l  l i n e s :  11 male s t e r i l e s  and 9  r e s t o r e r s ,  
and t h e i r  99 hybrids  formed t h e  mater ia l  f o r  t he  experiments. F i f teen  
of t h e  pa ren t s  were recent ly  bred a t  ICRISAT while t he  remaining f i ve  
a r e  i n  commercial use i n  India .  
Paren ts  and hybrids  were planted separa te ly  but in  adjacent  
t r i a l s  with 3 r e p l i c a t i o n s  each in  a  RBD design i n  two d i f f e r e n t  seasons: 
ra iny  (Kharif)  and post-rainy (Rani) of 1982 a t  ICRISAT Center ,  Patanzheru, 
A.P., India ,  The combining a b i l i t y  ana ly s i s  f o r  t he  observat ions made 
on t he  12 cha rac t e r s  followed a  l i n e  x t e s t e r  mating system a s  proposed 
by Kempthorne (1957) .  
S i g n i f i c a n t  v a r i a t i o n  among t h e  paren ts  and hybrids  was observed. 
I n  genera l ,  v a r i a b i l i t y  due t o  t e s t e r s  was higher  than due t o  t h e  male 
s t e r i l e s .  
S i g n i f i c a n t  l e v e l s  o f  h e t e r o s i s  were observed  f o r  a lmos t  
a l l  t h e  c h a r a c t e r s ,  However, o v e r a l l  h e t e r o s i s  was pronouced f o r  
p l a n t  h e i g h t ,  g r a i n  y i e l d  p e r  p a n i c l e ,  g r a i n  number per r- ,anicle,  
% f l o a t e r s  and b r e a k i n g  s t r e n g t h  only.  Average dominance was i n  
t h e  d i r e c t i o n  o f  e a r l i n e s s ,  i n c r e a s e d  h e i g h t ,  p a n i c l e  l e n g t h ,  g r a i n  
number, y i e l d  and d e c r e a s e d  seed  w e i g h t ,  % f l o a t e r s ,  f l o u r  p a r t i c l e  
s i z e  and g e l  s p r e a d i n g .  
The r e s u l t s  have shown t h a t  most o f  t h e  agronomic c h a r a c t e r s  
s t u d i e d  a r e  h i g h l y  i n f l u e n c e d  by a d d i t i v e  gene a c t i o n ,  a l though  f o r  
c h a r a c t e r s  known t o  b e  a s  c o n t r o l l e d  by q u a n t i t a t i v e  i n h e r i t a n c e  such 
a s  g r a i n  y i e l d  p e r  p a n i c l e  and number o f  g r a i n s  p e r  p d n i c l c  t h e r e  was 
some e v i d e n c e  o f  non-add i t ive  gene a c t i o n .  
The g r a i n  q u a l i t y  c h a r a c t e r s :  1000 g r a i n  weigh t ,  b r e a k i n g  
s t r e n g t h ,  % f l o a t e r s ,  f l o u r  p a r t i c l e  s i z e ,  r o l l i n g  q u a l i t y  and ye1 
s p r e a d i n g  were governed predominan t ly  by a d d i t i v e  gene a c t i o n  b u t  
s i g n i f i c a n t  l e v e l s  o f  non-add i t ive  gene a c t i o n  was a l s o  observed.  
Based on t h e  performance o f  t h e  h y b r i d s  and t h e  GCA e s t i m a t e s ,  
t h e  f o l l o w i n g  p a r e n t s  a p p e a r  t o  be more u s e f u l  and p r o d u c t i v e  i n  
c r o s s i n g  programs: 623A, 2 9 6 A ,  MA4, MA6, MR849 and MR867 f o r  t h e  Kharif  
and 62324, M A 3 ,  MR867 and MR864 f o r  t h e  w. 
P a r e n t  2219A would be u s e f u l  i n  b r e e d i n g  f o r  e a r l i n e s s  and 
r e d u c e d  h e i g h t ,  P a r e n t  623A was a good combiner  f o r  g r a i n  y i e l d ,  
g r a i n  number a n d  p a n i c l e  l e n g t h ,  S p e c i f i c  c r o s s  c o m b i n a t i o n s  which 
a p p e a r  t o  b e  wor thy  t e s t i n g  i n  r e g i o n a l  p r o g r m s  were i d e n t i f i e d .  
S i n c e  t h e  v a r i o u s  c h a r a c t e r s  s t u d i e d  a r e  main ly  c o n t r o l l e d  
by a d d i t i v e  g e n e  a c t i o n ,  b r e e d i n g  methods which e x p l o i t  e f f e c t i v e l y  
t h i s  k ind  o f  g e n e t i c  v a r i a t i o n  s h o u l d  be reward ing .  
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Appendix A . l  : Means for days t o  50% f lower ing  of h y b r i d s  and t h e i r  p a r e n t s  i n  
Khari f  and Rabi Experiments 
Males Females Array Mean of  
M A 1  MA2 M A 3  M A 4  M A 5  M A 6  MA9 2 2 1 9 A  2077A 6 2 3 A  2 9 6 A m e a n o f  male 
male p a r e n t s  
p a r e n t s  
Array mean 
of female K 5 7 56 57 5 9 60 
p a r e n t s  R 54  5  4 55 5 5  54 
Mean of  
female K 56 56 5 9 60 5 9 
p a r e n t s  R 55 54 E 0 6 6 5 4 
a = h y b r i d s '  means 
S.E.  hybr ids  = K (0 .82)  R (0 .87)  
5 9 6 3 5 5 6 8 58 6 3 
5 4  5 6 5 4  6 7 57 6 4 
- 
b = p a r e n t s '  means 
C . V .  hybr lds  = K (1) R ( 2 )  
C . V .  p a r e n t s  = K ( 2 )  R ( 3 )  
LSD -05  p a r e n t s  = K (1.61) R (3.08) 
S.E. p a r e n t s  = K (0.98) R (1 .86)  
LSD -05 h y b r i d s  = K (1.32) R (1.39) 
Appendix A. 2  : Means f o r  p l a n t  h e i g h t  ( c m )  of h y b r i d s  and t h e i r  p a r e n t s  i n  
K h a r i f  and R a b i  Expe r imen t s  
Ferrta les Ar ray  Mean o f  Males MA 1 MA 2 MA 3  MA 4 MA 5 MA 6  MA 9  2219A 2077A 623A 296A mean o f  Inale 
male  p a r e n t s  
p a r e n  tk 
Array m e a n  
o f  f ema le  K 1 9 7  2 0 3  202 2 0 1  2 0 3  2 0 4  1 6 9  181 229 222 2  36 202 
p a r e n t s  R 1 7 9  1 9 3  1 9 2  1 8 2  1 7 8  1 7 3  1 4 8  1 7 4  202 2 0 3  1 9 2  1 8 3 a  
Mean o f  
female  K 1 2 0  1 4 0  i ? l  1 1 5  1 2 8  1 2 3  1 3 8  110 1 4 0  1 5 7  1 3 6  1 4 6 b  
p a r e n t s  R 1 1 0  1 1 8  -122 110 11 2 1 0 7  1 2 7  1 0 5  1 2 3  1 5 2  1 2 0  1 3 2  
a  = h y b r i d s '  means b = p a r e n t s '  m e a n s  
S . E .  hybrids= K ( 5 . 8 8 )  R ( 9 . 1 8 1  
S.E. p a r e n t s  = K ( 3 . 6 1 )  R ( 4 . 4 5 )  
LSD -05 hybrids= K (9.41) R ( 1 4 . 7 0 1  
C.V. h y b r l d s  = K ( 3 1  R ( 5 )  
C . V .  p a r e n t s  = K ( 2 )  R (3) 
LSD - 0 5  p a r e n t s  = K (5 .96)  R (7.35) 
Appendix A. 3 : Means f o r  p a n i c l e  l e n g t h  (cm) of t h e  h y b r i d s  and  t h e i r  p a r e n t s  i n  
K h a r i f  and Rabi Exper iments  
Females Ar ray  Mean o f  
M a l e s  M A 1  MA2 MA 3 MA 4  MA 5 M A 6  MA9 2219 A 2077 A 6 2 3 A  2 9 6 A  mean male of male  p a r e n t s  
p a r e n t s  
Array  mean 
of female  K 2  9  2  8 29 3  1 2 8  2  8 29 3  1 3 5  3  3  32 30a 
p a r e n t s  R 2  8 28 29 3  1 2 9  29 2  9  31 34 29 31 3  0 
Mean of 
f ema le  K 2  3 2 3 2 3  30 2 6  2  6 26 28 34 3 1 32 2 6 b  
p a r e n t s  R 2  4 25 2  6  30 2  7  2  7 26 2  9  3 2  29 2 8  27 
a  = h y b r i d s '  means b = p a r e n t s '  means 
S.E. h y b r i d s  = (K (1 .03 )  R (1 .17 )  C.V. h y b r i d s  = K ( 3 )  R ( 4 )  
S . E .  p a r e n t s  = k (1 .31 )  R  ( 1 . 2 5  C . V .  p a r e n t s  = K ( 5 )  R ( 5 )  
LSD 0*05 hybrids= K (1.64) R (1.87) ~ ~ ~ . 0 5 p a r e n t s = K  (2.121 R C 1 . 8 6 1  
Appendix A.4 : Means f o r  g r a i n  y i e l d  p e r  p a n i c l e  ( g )  of t h e  h y b r i d s  a n d  t h e i r  p a r e n t s  
i n  K h a r i f  a n d  R a b i  E x p e r i m e n t s  
Females  A r r a y  Mean of 
Males MA 1 MA 2  MA 3 MA 4  MA 5  MA 6  MA 9  2219  A 2077 A 6 2 3  A 296 A mean of male 
male  p a r e n t s  
p a r e n t s  - 
Array  
m e a n  of K 5 3 . 4  54 .7  5 2 . 1  62 .2  6 0 . 0  6 1 . 2  56 .2  4 9 . 2  56 .4  6 4 . 3  6 2 . 8  
R 6 0 . 9  57 .7  6 3 . 1  5 0 . 1  48 .7  4 7 . 9  5 1 . 8  4 8 . 9  57.7 68 .4  57 .5  p a r e n t s  
Mean of 
female  K 34.0 41 .6  39.0 38 .2  42.6 39.6 4 3 . 5  3 6 . 2  37.4 5 4 . 6  5 9 . 9  50 .5b  
p a r e n t s  R 23.0 23 .3  20 .1  9 . 2  1 3 . 4  1 3 . 3  37.2 2 0 . 3  1 2 . 6  5 0 . 6  25.5 3 3 . 9  
- 
a  = h y b r i d s '  means b  = p a r e n t s '  means 
S.E. h y b r i d s  = K ( 8 . 7 3 )  R ( 7 . 5 6 )  
S . E .  p a r e n t s  = K ( 6 . 6 4 )  R ( 5 . 9 5 )  
LSD - 0 5  hvhrids = ~ ( 1 3  9 R I  a 1 1 7  n9> 
C.V. h y b r l d s  = K ( 1 5  
C.V. p a r e n t s  = K (13)  
Tsn - 0 5  n a r e n t s =  K(10.98)  R(9.841 
Appendix A . 5  : Means f o r  number o f  g r a i n s  p e r  head o f  the  h y b r i d s  and t h e i r  p a r e n t s  
i n  Khar i f  and Rabi Exper iments  
Males Females Array  Mean of 
MA 1 MA 2  MA 3  MA 4  MA 5  MA 6 MA 9 2 2 1 9  A 2077 A 623  A 296 A mean m a l e  
of  male - p a r e n t s  
p a r e n t s  
Ar ray  m e a n  
of  f e m a l e  K 2 7 8 8  2 8 1 9  2 6 4 0  2 7 7 5  
p a r e n t s  R 2512  2 5 1 4  2 6 2 0  2204  
Mean o f  
f ema le  K 1 8 2 7  2 1 7 1  1 6 7 5  2137  
p a r e n t s  R 1 7 5 8  2 1 6 2  1 8 0 1  1 0 0 8  
a  = h y b r i d s '  m e a n s  
S.E. h y b r i d s  = K ( 3 4 6 . 8 9 )  
S.E. p a r e n t s  = K ( 2 3 4 . 4 0 )  
2 2 0 1  2 3 0 6  2 1 8 7  1 6 5 7  2 2 1 6  2 5 0 4  2 7 9 6  2 2 9 1 b  
1 4 7 5  1 2 6 3  2 0 8 5  1390 1 6 5 6  2 4 3 9  1893 1 8 7 2  
- 
b  = p a r e n t s '  means 
R ( 2 8 1 . 4 1 )  C.V.  h y b r i d s  = K ( 1 2 )  R (121 
R ( 2 2 4 . 8 0 )  C . V .  p a r e n t s  = K ( 1 0 )  R ( 1 2 )  
R ( 4 5 0 )  LSD - 0 5  paren t s=K ( 3 8 7 )  R ( 3 7 1 )  
Appendix A.6 : Means f o r  1000 g r a i n  we igh t  ( g )  of  t h e  h y b r i d s  and t h e i r  p a r e n t s  
i n  Khar i f  and R a b i  Experiments 
Array Mean of 
Males Females l n e a n  o f  male 
MA 1 MA 2  MA 3  MA 4  MA 5  MA 6  MA 9  2219  A 2977 A 6 2 3  A 296 A male p a r e n t s  
p a r e n t s  
MR 8 0 1  K 1 7 . 6 0  1 7 . 2 3  1 7 . 2 7  20.22 17.22 18.36 1 8 . 7 5  18.6C 1 8 . 3 7  1 9 . 7 0  22 51 18.72 22 .18  
R 22.52 19 .52  18 .74  16 .64  1 7 . 8 7  17 .86  20.00 20.64 1 5 . 8 8  23 .58  21 .04  1 9 . 4 8  1 3 . 6 1  
M R 8 6 1  K 24.10 24.40 24 .00  28.72 26.24 27.67 23 .86  2 2 . 7 5  24.96 2 0 . 1 4  24 .89  24 .70  -37,60 
R 28.32 2 7 . 6 1  29.60 23.72 26.77 25 .28  27 .28  23 .54  24 .49  32.04 26 .20  26.80 34.44 
MR864 K 1 6 . 2 1  1 7 . 0 0  1 8 . 3 0  2 0 . 4 5  1 9 . 1 1  15 .70  16 .74  20.08 1 8 . 5 1  1 9 . 1 5  1 9 . 5 6  1 8 . 2 6  22.72 
R 2 5 . 0 7  2 2 . 5 1  24 .67  2 5 . 7 6  24 .70  2 5 . 4 1  22 .76  24 .77  21.74 25.62 25 .68  24 .43  20.65 
MR 8 0 3  K 20 .11  1 9 . 2 5  20 .12  25 .26  22.64 23.60 22.46 1 9 . 8 1  2 2 . 4 1  20 .54  23 .79  21.82 31.69 
R 22 .77  23 .52  2 5 . 9 1  23.53 23.72 1 8 . 9 6  2 0 . 8 6  22 .95  1 9 . 9 3  30.61 23.63 2 3 . 3 1  30 .58  
MR867 K 19.55 21 .12  20.24 26.24 2 8 . 1 1  2 5 . 4 3  25.04 2 1 . 1 3  22 .43  25 .26  25.79 23.67 31.56 
R 27 .89  2 6 . 0 3  29 .98  29.22 25.66 28.07 24 .99  2 6 . 1 1  2 6 . 5 3  2 9 . 5 0  2 8 . 6 8  27 .51  28.86 
MR824 K 1 8 . 8 8  20.22 1 8 . 8 5  3 2 . 5 4  1 8 . 2 0  1 8 . 8 4  1 7 . 5 7  2 0 . 7 5  17.00 1 9 . 3 8  18 .37  20.09 24.13 
R 24.65 23.52 2 4 . 5 0  23 .16  2 0 . 7 1  20 .75  20 .85  2 5 . 1 8  2 0 . 3 1  2 4 . 7 1  1 7 . 8 0  22.37 22 .68  
MR 825 K 1 7 . 7 5  1 6 . 2 8  1 7 . 6 1  1 6 . 0 1  1 6 . 7 5  1 6 . 3 7  1 9 . 1 7  1 8 . 2 7  1 4 . 1 1  1 6 . 3 5  1 5 . 5 0  1 6 . 7 4  1 9 . 2 3  
R 1 9 . 6 3  18 .32  1 6 . 5 2  1 4 . 8 2  1 5 . 5 9  1 6 . 4 0  1 7 . 5 8  19 .96  1 8 . 7 1  21.77 1 6 . 8 0  1 7 . 8 3  18 .38  
MR 849 K 20 .84  21 .33  23.27 25 .05  23.60 2 5 . 5 5  2 3 . 3 8  2 0 . 4 1  2 0 . 3 1  24.44 22 .28  22.77 17 .92  
R 26.08 24.47 25.42 26 .13  22.00 21.37 20.14 24.27 23.32 2 7 . 1 3  2 1 . 5 1  23 .80  20.20 
a 3 5 4 1  K 1 7 . 1 4  1 7 . 6 4  1 8 . 0 7  1 9 . 3 0  16 .72  1 5 . 6 4  21 .17  1 8 . 9 6  1 7 . 6 5  1 7 . 9 1  1 6 . 4 8  1 7 . 8 8  23.85 
R 20.30 20.85 20.57 1 8 . 2 5  1 4 . 5 3  16 .26  1 9 . 9 7  1 8 . 4 4  1 8 . 9 1  2 1 . 5 0  26.03 1 9 . 7 8  24.16 
Array mean 
of femalh K 1 9 . 1 3  1 9 . 3 9  1 5 1 ~ 7 5  23 .75  20.95 20 .60  20 .90  20 .08  19 .53  20.36 2 1 . 0 3  20 .52a  
p a r e n t s  R 24 .13  22 .93  23 .99  22.36 2 1 . 2 8  21.37 21.60 22.87 21.09 26.27 23.04 2 2 . 8 1  
Man of 
female K 1 8 . 8 7  1 9 . 3 9  20 .78  1 8 . 0 0  1 9 . 5 8  21.72 20 .10  2 1 . 7 0  1 7 . 0 0  21.72 2 1 - 3 1  22.5523 
p a r e n t s  R 13 .22  1 0 . 8 0  1 1 . 2 9  9 . 0 6  9 . 1 1  10 .59  1 7 . 8 5  1 1 . 4 9  7 .50  20 .95  1 3 . 4 5  1 7 . 5 9  
a  = h y b r l d s '  means b = p a r e n t s '  means 
S.E.  h y b r l d s  = K ( 2 . 7 3 )  R ( 3 . 1 7 )  C . V .  h y b r ~ d s  = K 9 ( 1 3 )  R (10)  
S.E. p a r e n t s  = K ( 1 . 4 6 '  R ( 1 . 9 4 )  C.V.  p a r e n t s  = K ( 6 )  R (11) 
LSD 0 5  h y b r i d s  =K (4 .36)  R ( 3 . 4 8 )  LSD - 0 5  pa ren t s=  K (2 .42)  R ( 3 - 2 l 1  
Appendix A.7 : Means f o r  b r e a k i n g  s t r e n g t h  (kg)  o f  t h e  h y b r i d s  and t h e l r  
p a r e n t s  i n  Khdr i f  and Rabi Exper iments  
Females  A r r a y  Mean of 
Males mean of male 
MA 1 MA 2 MA 3  MA 4  MA 5  MA 6  MA 9  2219 A 2077 A  623  A 296 A male p a r e n t s  
p a r e n t s  - 
MR801 K 4.6 4.2 4 . 3  5 . 7  5 . 1  4.7 5 . 3  4 . 8  5.5 5 .6  4 . 8  5.0 6 . 3  
R  5 . 9  5 .8  5.4 5.5 5 . 3  5 . 3  6 . 2  6 . 4  5.2 7.7 6 . 3  5.9 6.2 
MR861 K 5 .5  5 .6  5 . 8  6 . 3  5 . 5  5 . 8  5 . 7  5 . 1  6 . 0  5 . 1  7.4 5 . 8  7.2 
R 6 .6  6 . 7  7 . 1  6 . 0  7 . 0  6 . 6  6 . 9  6 . 4  6 . 3  8 . 5  6 . 8  6 . 8  7.7 
MR 864 K 4 . 3  4 . 5  4.7 5.2 5.0 4 . 1  5 . 5  4 .9  4.8 6 . 9  4 .1  4 .9  6.4 
R  7.2 6 . 6  6 . 4  6 .9  6 . 9  6 . 8  6 . 7  7.4 6 . 8  8.0 5 .9  6.9 7.6 
MR803 K 4 . 8  4.6 5 .5  5 . 8  5 . 2  5 . 3  6 . 4  4 . 9  6. 3  7.C 4.6 5 . 1  7 . 1  
R 7 . 1  6 . 7  7 .0  6 . 5  6 . 2  5 . 5  6 . 9  7 . 3  6 . 0  9 . 1  6 . 9  6 . 8  8 . 7  
MR867 K 6 . 2  7.0 6 .9  8.1 5 .2  7 . 1  7 . 3  7 . 2  6 . 7  1 1 . 9  4 . 8  7.2 1 0 . 7  
R  8.7 8 . 0  8 . 9  8 . 3  8 . 2  9 . 0  9 . 0  8 . 3  8 . 1  12 .4  7 . 3  8 .7  12 .7  
MR 824  K 5 . 2  5 .1  5 . 1  7.4 4 . 7  5 . 9  6 . 8  5 . 5  5 . 7  8 .8  5 . 3  6 . 0  9 .2  
R  7 .4  7 . 3  7.6 7 . 8  6.5 6 . 9  7 . 5  7 . 4  7 . 2  11 .0  6 . 4  7 .5  10 .4  
MR825 K 4.7 4 .4  4 . 8  5.2 5 . 7  5 .0  5 . 8  4.6 4 . 9  7 . 1  4.4 5 . 1  8 . 0  
R 6 .2  6 . 1  5 . 6  5 . 3  5 . 8  5 . 5  7 .0  6 . 6  5 . 4  8 . 0  6 . 1  6 . 1  8 . 5  
MR 849 K 5.5 4 . 9  5 . 3  6 . 8  5 . 7  6 . 4  5 . 7  5 . 2  5 . 8  7 . 3  5.4 5.8 5 . 7  
R 7 .0  6 . 9  6 . 9  7.0 5 .8  6 . 0  6 . 0  7 . 5  6 . 7  9 . 7  5.6 6 . 8  6 . 9  
CS 3541 K 4 . 7  4 . 5  5 . 1  5 . 1  4 . 7  4 . 3  5 . 7  4 . 7  4 . 3  5 . 1  4 . 4  4 . 8  6.4 
R  5 .6  6.0 5.4 5 . 8  5 . 2  5 . 1  6 . 0  6 . 2  5 . 5  7 . 7  6 . 6  5 . 9  7 . 5  
Array 
mean o f  K 5 . 1  5 . 0  5 . 3  6.2 5 . 3  5 . 1  6 . 0  5 . 2  5 . 6  7 . 2  5.0 5 .5a  
female R 6 . 9  6 . 7  6 . 7  6 . 6  6 . 3  6 . 3  6 . 9  7 . 1  6 . 4  9 . 1  6 . 4  6 . 8  
p a r e n t s  
Mean of 
female K 4.9 4.7 4 . 9  4.9 4 . 9  4 . 7  6 - 1  5 .0  3 .6  5 . 1  4 .4  
p a r e n t s  4.2 3 .7  3 .2  3 . 3  2 . 8  3 . 3  5 .7  5 . 4  2.4 6 . 6  3.6 
a = h y b r i d s '  means b  = p a r e n t s  means 
S.E. h y b r i d s  = K ( 0 . 6 7 )  R ( 0 . 5 1 )  C.V. h y b r i d s  = K(1.3) R ( 7 )  
S.E. p a r e n t s  = K (0 .40)  R ( 0 . 6 5 )  c.v. p a r e n t s  = K ( 7 )  R (11)  
LSD .05  p a r e n t s =  K (1.24) R (0 .831  TC,, n c  --..I-&. - - . -  
Appendix A.8 : Means f o r  f l o a t e r s  pe rcen tage  of hybr ids  and t h e i r  p a r e n t s  i n  
Kharif  and Rabi Experiments 
Females Array Mean of 
Males MA 1 MA 2 MA 3 MA 4 MA 5  MA 6 MA 9 2219 A 2077 1\ 623 A 296 A E;: Of male p a r e n t s  
p a r e n t s  
Array mean 
of female K 10  9 13 1 2  30 
p a r e n t s  R 12 17 17 2 3 4 1 
Mean of 
female K 43 3 4 4  9 62 3 7 
p a r e n t s  R 58  7  4 96 9 6 99 
a  = Overa l l  means of hybr ids  
S . E .  (hybr ids )  = K (0.94) R 11.00) 
S.E. ( p a r e n t s )  = K (0.92) R 10.79) 
LSD -05  hybr ids  = K (1.50) R (1.60) 
5  2 38  2 3 9  5 7 1 86 4 5b 
8  5 5 5  3 8  98 5  7 97 6 0 
b = Overa l l  means of p a r e n t s  
C.V.  h y b r i d s  = K (24) R (211 
C.V. p a r e n t s  = K (14) R (11) 
LSD .05 parents=K (1.52) R (1.31) 
Appendix A . 9  : Means f o r  l o d g i n g  s c o r e  (1 = 0%,  10  > 90% p l a n t s  lodged)  o f  
h y b r i d s  and t h e i r  p a r e n t s  i n  Khar i f  and Rabi Exper iments  
- 
Females Array  Means of 
Males means of male 
MA 1 MA 2 MA 3 MA 4 MA 5 MA 6 MA 9  2219 A 2077 A  623 A 296 A  male p a r e n t s  
p a r e n t s  
Array  means 
of female  K 3  4 4 2 3  2 1 5 3 3 1 3 a  
p a r e n t s  R 4 4 4 4 5 5 4 5 5 4 4 4 
hleans o f  
female K - - - - - - - - - - - - b  
p a r e n t s  R 1 2 1 2 3 3 2 1 1 2 1 2 
- I n  K h a r i f ,  t h e  p a r e n t s  d i d  n o t  lodge  
a  = O v e r a l l  means o f  h y b r i d s  b - o v e r a l l  means of p a r e n t s  
Appendix A.10 : Means f o r  r u s t  s c o r e  (1=0%, 5 > 40% l e a f  a r e a  ddnacjed) 
o f  h y b r i d s  and t h e i r  p a r e n t s  i n  Rabi Experiments 
Array Mean c 
Males Females mean of male 
male p a r e n t s  MA 1 MA 2 MA 3  MA 4  MA 5 MA 6  MA 9 2219 A 2077 A 623 A 296 A parents 
~ r r a y  mean 
o f f e m a l e  3.2 3.6 3.5 3.9 3.6 3 .6  3 ,2  3 . 4  3 .8  3 .6  3 .3  3.5a 
p a r e n t s  
Means of 
female 4.0 4 .0  4 . 0  4 . 0  3.7 3.7 3 .3  3.7 4 . 0  4 .0  4 .0  3.4b 
p a r e n t s  
a  = O v e r a l l  means of h y b r i d s  s . E .  ( h y b r i d s )  = 0 .16  C.V.  ( h y b r i d s )  = 9 
b  = O v e r a l l  means of p a r e n t s  S.E.  ( p a r e n t s )  = 0.28 C.V.  ( p a r e n t s )  = 15 
Appendix'A.11: Means for percen tage  o f  Water Absorption o f  Hybrids 
and t h e i r  p a r e n t s  i n  Kharif  and Rabi Experiments. 
Females Array Mean of 
Ma1 e s MA 5 MA 9 mean of 2077 A 296 A male male p a r e n t s  
p a r e n t s  
Array  
mean of K 30.3 29.3 28.5 30.3 29. 6a 
female  R 29.4 27.6 28.3 26.7 28.0 
p a r e n t s  
Mean o f  
female K 28.4 29.7 36.4 30.7 
p a r e n t s  R 45.1 29.5 40.1 29.8 
S.E. h y b r i d s  = KC2.17) R(1.97) C.V. h y b r i d s  = K(7) R ( 7 )  
S.E. p a r e n t s  = ~ ( 1 . 5 8 )  R(3.14) C.V. p a r e n t s  = K(5) R(10) 
LSD .05 hybrids=K(4.39) R(3.99) LSD .05 ~ a r e n t s = ~ ( 3 . 3 5 )  ~ ( 6 . 6 6 )  
a = h y b r i d s  means b = p a r e n t  means 
Appendix A-12: Means f o r  P a r t i c l e  Size Index of Hybrids and t h e i r  
Parents  in Kharif and Rabi Experiments. 
- - 
Females Array 
- 
Mean of 
Males 
MA 5 MA 9 2077 A 296 A male mean of ma1 e parents 
parents  
Array 
mean of K 38.3 36.4 38.6 42.9 39. oa 
female R 40.6 37.1 42.6 40.8 40.3 
parents  
49.6 b Mean of K 49.3 37.6 74.6 68.3 
female R 55.3 40.0 67.1 6 2 . 2  44.7 
parents  
a Hybrid means b ~ a r e n t  means 
S.E. hybrids = K(2.43) R (4.94) C.V. hybrids = K (6 )  R (12) 
S.E. parents  = K(2.97) F (3.04) C.V. parents  = K (6) R (7) 
LSD .05 hybrids= K(4.92) R (10.00) LSD .05 parents  = ~ ( 6 , 3 0 )  ~ ( 6 . 4 4 )  
Appeqdir A.13:Means f o r  b l l i n g  Quali ty (an) of Hybrids and t h e i r  
Parents  i n  Kharif and Rabi Experiments. 
Females Array Mean of 
Males mean of male MA 5 MA 9 2077 A 296 A m l e  parents  
parents  
Array 
mean K 21.0 21.1 19.6 20.8 2 0 . 6 ~  
o f R 24.4 23.6 23.7 24.0 23.9 
female 
pa ren t s  
Mean of 
female K 20.3 19.9 14.9 16.8 
pa ren t s  R 23.2 23.2 18.0 16.4 
a 
Hybrid means b ~ a r e n t  means 
S.E. hybrids = K(0.88) R(0.94) C.V. hybrids = K(4) R(4) 
S.E. parents  = ~ ( 1 . 1 6 )  R(1.17) C.V. parents  = K(6) ~ ( 5 )  
LSD -05 hybr-ds=K(l. 78) R(1.90) LSD .05 parents  zK(2.451 R(2-48) 
Appendix A. 1 4  : Mean of Gel Spreading (nun) of Hybrids and t h e i r  
parents  i n  Kharif and Rabi Experiments 
Males 
Fenales Array Mean of 
MA 5 mean of male MA 9 2077 A 296 A male parents 
parents  
Array 
mean of K 59.9 60.3 62.1 62.8 61. 3a 
female R 62.8 61.4 64.1 62.8 62.8 
parents  
Meanof K 64.3 61.7 74.3 75.7 
female R 66.3 59.3 74.3 72.3 
parents  
a Hybrid means b ~ a r e n t  means 
S.E. Hybrids = KC1.85) R(1.87) C.V. ~ybr ids=K(3)  ~ ( 3 )  
s.E. Parents = KC3.28) R(1.98) C.V. ~aren t s=K(5)  ~ ( 3 )  
LSD .05 hybrids= K(3.76) R (6.951 LSD .05 parents=K C9.951 R (4.20) 
A p p e n d i x  ~.1. E s t i m a t e s  of h e t e r o s i s  % fo r  d a y s  to  50% f l o w e r i n g  compared  t o  earlier p a r e n t s  i n  K h a r i f  a n d  R a b i  
exper h e n  t s 
A v e r a g e  
F e m a l e s  Males h e t e r o s i s  MA 1 MA 2 MA 3 MA 4 MA 5 MA 6 MA 9 2219A 2077A 6 2 3  A 2 9 6  A of m a l e  
p a r e n t s  
MR 8 0 1  K -4.7** -4,7** -7.9** -4.4** -2.2 -2.3 -2 .1  -4.9** 1 . 0  -1.7 6 . 9 * *  -3.7 
R -1.2 -0.6 -5.3* -2 -9  1 . 2  0 . 6  -3.5 -1 .8  -4.7* -3.5 -2.3 -2.2 
A v e r a g e  
h e t e r o s i s  
of male 
p a r e n t s  K 0.5 -0 .6  -2 .4  -1.7 1.1 1 . 9  -2 .3  -0 .8  - 4 . 0  2.5 -3.9 -0.9a 
R -1.5 - 0 . 1  -2.8 -2.9 1.1 0.4 -2.6 -2 .5  -1.7 -1.6 -2.7 -1 .5 
a = o v e r a l l  h e t e r o s i s  
Appendix B . 2 .  Estimates of he t e ro s i s  % f o r  p l an t  height  over t h e  sho r t e r  parent  i n  Kharif and  Rabi experiments 
Females Average 
Males heterosi :  MA 1 MA 2 MA 3 MA 4 MA 5 MA 6 MA 9 2219A 2077A 623A 296A of male 
parents  
Average 
he te ros i s  
of female 
parents  K 
R 
(p  = 0.0i) a = overall heterosis * *  s ign i f i c an t  
Appendix B . 3 .  Est imates  o f  h e t e r o s i s  % f o r  p a n i c l e  l e n g t h  ove r  s u p e r i o r  p a r e n t  i n  Kharif  and Rabi experiments 
Average Females 
Males h e t e r o s i s  
MA 1 MA 2 MA 3 MA 4 MA 5 MA 6 MA 9 2219A 2077A 623A 296A of male p a r e n t s  
Average 
h e t e r o s i s  
of female 
p a r e n t s  K 15.1 13.9 16.3 1.7 8.3 6.8 10 .3  10 .1  5.2 3.9 0.5 
R 10 .1  8.1 10.8 1.1 5.6 7.1 7.8 5.8 4.9 8.4 13.9 
a = o v e r a l l  h e t e r % ~ i s  
Appendix  B . 4 .  E s t i m a t e s  o f  h e t e r o s i s  % f o r  g r a i n  y i e l d  p e r  p a n i c l e  compared t o  s u p e r i o r  p a r e n t  i n  K h a r i f  a n d  R a b i  
e x p e r i m e n t s  
Averaae  -~~ - -  
Females  h e t e r o s i s  
Males 
o f  male  M A 1  MA2 MA3 MA 4 MA 5 MA 6 MA 9 2219A 2077A 623A 2 96A p a r e n t s  
MR 801 K -18.5 -7.9 
R 102.3** 94.4** 
MR 8 6 1  K -10.1 2.7 
R 25.4' 12.9 
MR 864  K -25.2' -13.5 
R 62.0** 32.8** 
MR 8 0 3  K 4.2 -13.3 
R -12.6 -8.3 
MR 867  K -25.2** -15.8 
R 25.0** 21.9** 
i4R 824  K --24.4* -26,2** 
R 29.7** 16.0 
MR 825  K -36.3** -34.2** 
R 20.5 6.8 
MR 8 4 9  K 90.7** 68.3** 
R 19.1* 21.9* 
CS 3541 K -20.8 -18.7 
R 21.4 31.6* 
Average 
h e t e r o s i s  
o f  female  
p a r e n t s  K -7.3 -6.5 
R 32.5 25.6 
* s i g n i f i c a n t  ( P O .  0 5 )  * * s i g n i f i c a n t  (p=0.01) 
a = o v e r a l l  h e t e r o s l s  
m 
4 "  "01 ".". '4".. ".". 0 0  N m  
. . . . .  
C d 
. AS' ( d m  r - a  a m  A m  m r l  m a  ~ r n  C N  
d rl N d  N N  rl N I m 
N v rl 4 
I 
* * 
a *  * * * 
w v  r - r -  m r -  m a  \ O \ O  m u ,  m m  m o  
. . . . . . . . . . . . . .  . . ? ?  
N O  N O  d m  ~ r n  r -LD m o  e m  N O  m m  
I d  I r l d  I 4  10 N d  d l  rlrl 
I I 
* * 
* * * *  * * * * 
a m  a~ N V  m e  a m  m a  o m  m r -  m m  
. . . . . . . . . . . . . . . . . .  
v m  m o  m r -  a d  d r l  N N  r - o  o m  o m  
N I  rlrl mcc N rid w r l  I N  m  
I 
I 
* * *  * * * * * 
* *  * * * *  * *  * * * * 
N Ln 
. . 
?a. a.0, v,~. v,m, o r -  r l v  
. . ". 9 :  m  v . . 
m a  e m  v m  ,+P m a  m m  idai 0, m r -  ro m  
N V  r l v  I ( ?  N N  ~ U I  m  N L ~ I  r l m  rl r I  
I 
* * * * 
* * * * * * 
v m  d m  a m  m o  ~ m  m m  
". ? c o o :  ?p: v r l  . . . . . . . . . . . .  . . 
m r l  m m  v o  du, m 4  v m  o m  r-10 r - m  -3 m  
 INA AN v FIN r l e ~ v ~ r l m  
I I  I 
* * * 
* *  * * *  * *  
4 9  7 - 9  ". 9vm.Y L ? ?  O:? 7 :  
v o  m m  m o  r - m  r o m  r u m  r - m  l o -  v m  
rl rl rl N N  r l N  N r l  W r l  r l l  I  I I 
* * * 
* * * *  * 
m u ,  u,r- m r (  O N  o m  m r l  m o  a m  m o  
. . . . . . . . . . . . . . . . . .  
~d m o  mr( a r l  m r -  a m  m o  N Q  
d r l  d m  N d v rl N d  e . 4  rlrl 
I 
* 
* 
* 
* * 
m m  m.2 m,\q ~4 m,m. m,~,  y r l  v m  r - r o  
. . . . . .  
03 v 
. . 
m u ,  10.r m r l  m r -  m r -  o o  olo o m  m m  -3 m  
rl .+N rl m d  r ( d  m  m ~  m  rl rl 
I 
il C * *  
* * * * *  
m r -  o m  e m  
. . . . . .  . . " .  49 ". ' 9 ? 4 ' 9 ?  
N O  m u ,  ~ m  r - r n  r i m  m .  r - o  l o r l  m m  d m  d d  N r l r l  o rl m ~  d m  
I 
. . . . . . . . . . . . . . . . . .  
O N  r n o  m~ m -  o m  N O  a m  m u ,  o o  
N ~m m 0 4  N N  1 4  ~ r l  Q I  d r u  



~ppend ix  B.  9: Estimates of Heterosis Percentage for  Water ~ b s o r p t i o n  
over Superior Parent in Kharif and Rabi Experiments. 
Females 
MA 5 MA 9 2077 A 296 A 
Averaqe 
he te ros i s  
of male 
n3 ran t c 
Average 
he te ros i s  K 9.2 4.0 -0.1 6.7 
o f  female R 6.8 1 . 4  2.6 -2.3 
parents  
overa l l  he te ros i s  
S igni f ican t  (P=J. 051 
Signi f ican t  @=O. 01) 
Appendix B . l O :  Es t imates  of  He te ros i s  Percentage f o r  P a r t i c l e  
, S i z e  Index over  b e t t e r  pa ren t  i n  Kharif  and Rabi 
Experiments. 
Females Average 
MA 5 MA 9 2077 A 296 A h e t e r o s i s  Males 
of male 
p a r e n t s  
Average 
h e t e r o s i s  K -10.4 -2.6 -9.5 0.7 
of female R 14 .6  4.4 20.1 15.1 
p a r e n t s  
o v e r a l l  h e t e r o s i s  
S i g n i f i c a n t  CP=0.05) 
S i g n i f i c a n t  CP=O. 01) 
Appendix B.,11: Estimates of Heterosis Percentage fo r  Rolling Qual i ty  
over b e t t e r  parent in  Kharif and Rabi Experiments. 
Females 
MA 5 MA 9 2077A 296 A 
~ v e r a g e  
he te ros i s  
of male 
parents  
Males 
Average 
he t e ro s i s  K -0.4 -0.1 -6.1 -0.2 
of female R 1.0 -2.4 -1.6 -0.7 
paren ts  
a = ove ra l l  he t e ro s i s  
* Signi f ican t  @=0,051 
**  Signi f ican t  @=O. Ql) 
Appendix.B-12: Estimates of Heterosis Percentage f o r  Gel Spreading 
over b e t t e r  parent  in Kharif and Rabi Experiments 
Females Average 
Males MA 5 MA 9 2077A 296 A heteros is  
of male 
parents  
Average 
he t e ros i s  K - 8 . 6  - 5.8 -16.4 -17.5 
of female R - 5.2 9.1 -13.6 -13.1 
parents  
a = ove ra l l  he t e ros i s  
* Signi f icant  CP=0.05) 
** Signi f icant  @=O. 01) 
Append ix  C . l  : E s t i m a t e s  o f  G e n e r a l  a n d  S p e c i f i c  C o m b i n i n g  A b i l i t y  e f f e c t s  f o r  
d a y s  t o  f l o w e r i n g  i n  K h a r i f  a n d  R a b i  E x p e r i m e n t s  
F e m a l e s  GCA f o r  
Males MA 1 MA 2  MA 3  MA 4  MA 5  MA 6  MA 9  males 2 2 1 9  A 2077  A 6 2 3  A 296  A (gi l  
SCA e f f e c t s  (si j) 
GCA f o r  
f e m a l e s  K -2 .29**  -2 .88**  -1 .62** 0 .45*  1 . 1 2 * *  1 . 2 7 * *  2.97** -4.66** 3 . 0 5 * *  0.90** 1 . 6 8 * *  
(4 1 R -0 .29  -0 .40* 0 . 2 3  0 . 2 3  - 0 . 1 0  - 0 . 4 7 *  -0 .14  -1 .40** 1 .16**  0 . 6 0 * *  0 . 5 7 * *  
K h a r i f  S.E. ( g i )  = 0 . 1 4  ( g j )  = 0 . 1 6  ( s i j )  = 0 . 4 8  
R a b i  S .E.  ( g i )  = 0 . 1 5  (gj) = 0 . 1 7  ( s i j )  = 0 . 5 0  
* S i g n i f i c a n t  (P=0 .05)  **  S i g n i f i c a n t  ( P = 0 . 0 1 )  
Append ix  C.2  : E s t i m a t e s  o f  G e n e r a l  and S p e c i f i c  Combin ing  ~ b i l i t y  e f f e c t s  
f o r  p l a n t  h e i g h t  i n  K h a r i f  a n d  R a b i  E x p e r i m e n t s  
F e m a l e s  GCA 
Males 
MA 1 MA 2  MA 3  MA 4  MA 5  MA 6 MA 9 e f f e c t s  2 2 1 9  A  2 0 7 7  A  6 2 3  A  2 9 6  A  of males 
SCA e f f e c t s  ( s i j )  (gi) 
GCA e f f e c t s  
o f  f e m a l e s  K -4 .30** 1.10 0 . 4 0  - 0 . 4 1  1 . 2 5  2 . 3 3  -32 .38**  -20 ,30**  27 .25**  20 .62**  4 . 4 4 * *  
( 4 1 )  R -4 .53*  9 .55** 8 . 9 9 * *  -1 .19  - 5 . 2 7 *  - 1 0 . 0 8 * * - 3 4 . 9 0 * *  - 9 , 1 6 * * 1 8 . 6 2 * *  18 .99**  8.99.' 
K h a r i f  S.E. ( g i )  = 1 . 0 2  (91) = 1 . 1 3  (si])  = 3 . 4 0  s i g n i f i c a n t  ( P = 0 . 0 5 )  
R a b i  S.E. ( g i )  = 1 . 6 0  (91) = 1 . 7 7  (si)) = 5 . 3 0  * *  s i g n i f i c a n t  ( f = 0 . 0 1 1  
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Appendix  C . 5  : E s t i m a t e s  o f  G e n e r a l  a n d  S p e c i f i c  Combining  A b i l i t y  e f f e c t s  f o r  
number o f  g r a i n s  p e r  p a n i c l e  i n  K h a r i f  and  Rab i  E x p e r i m e n t s  
F e m a l e s  GCA 
e f f e c t s  
Ma le s  MA 1 MA 2  MA 3  MA 4  MA 5  MA 6  MA 9  2219 A 2077 A 623  A 296 A of m a l e s  
SCA e f f e c t s  ( s i j )  (gi) 
GCA K -24 .28  6 . 4 1  -172.37* -37.72 37 .92  1 3 5 . 9 7  -133.23  -379.58** 58 .79  333.32** 174.79'  
e f f e c t s  R 85 .49  8 7 . 5 3  192.87** -223.08** -143.49* -191.52** -23.94 -307.07** 299.86** 186 .55**  36.79 
of f e m a l e s  
~harif S.E. ( g i )  = 6 0 . 3 8  ( y j )  = 6 6 . 7 6  ( s i j )  = 200.27 s i g n i f i c a n t  (P=0 .05 )  
Rabi S.E. ( g i l  = 48.98 ( g j l  = 54 .16  ( s i j )  = 1 6 2 , 4 7  **  s i g n i f i c a n t  (P=0.01) 

Appendix C.7. Es t ima te s  of  gene ra l  and s p e c i f i c  combining a b i l i t y  e f f e c t s  f o r  breaking  s t r e n g t h  i n  Kharif  and Rabi  
experiments 
GCA 
Females e f f e c t s  Ma1 e s M A 1  MA2 MA3 MA4 MA 5 MA 6 MA 9 2219A 2077A 623A 296A of males 
SCA e f f e c t s  ( s i j )  (gi) 
MR 801 K 0.15 -0.11 -0.42 0.13 0.37 -0.09 -0.13 0.15 0.52 -0.97* 0.40 -0.59** 
R -0.02 0.07 -0.37 -0.12 -0.11 -0.04 0.21 0.27 -0.17 -0.49 0.77** -0.94*+ 
GCA e f f -  
e c t s  of 
females 
(gj) K -0.49* -0.59** -0.30 0.62** -0.25 -0.16 0.44* -0.35* -0.01 1.63** -0.54" 
R 0.00 -0.18 -0.13 -0.25* -0.55** -0.55** 0.07 0.21 -0.49** 2.27** -0.41" 
Kharif SE (gi) = 0.13 ( g j )  = 0.15 ( s i j )  = 0.45 
Rabi SE ( g i )  = 0 . 0 9  ( g j )  = 0.10 ( s i j )  = 0.29 
m ~  r - a  G Q  a m  V N  1-0 ,-IN r m  a r l  !q Q P  m ~  N O  m d  m o  A N  o m  
. . . . . . . . . . . . . . . .  
0 0  0 0  0 0  0 0  0 0  0 0  0 4  0 0  0 0  
I  I  I  I 
. . 
r id  
* * * * * 
C * * * * *  
m m  m a  P O  m m  a r l  r l m  P O )  m q  m v ,  V Q  N O  \ q ~  a m  dlo e r l  r - m  m d  r i m  
1 .  s . . . . . . . . . . .  
r l o  9.Q 0 0  0 0  O d  0 0  O d  N O  r l d  
I  I I  
* * 
r - a  w m  0 0  r - P  o m  a a  d m  N P  m a  
moo r l m  
. .  . . 1 9  9-9". 41 ". ? 9  '97 
0 0  d o  0 0  d o  0 0  0 0  0 0  0 0  0 0  
I I  I I  I I ) I  I I  
~ p p e n 2 i x  C . 9 :  ~ s t i m a t e s  o f  General and S ~ e c i f i c  Combining a b i l i t y  e f f e c t s  f o r  
Water Rbsorption i n  Kharif and Rabi Experiments 
Females GC A 
MA5 MA9 2  07 7A 2 96A e f f e c t s  Males SCA e f f e c t s  ( s i j )  of t h e  
male 
p a r e n t s  
GCA e f f e c t s  K 0.72 -0.36 -1.10 0.74 
o f f e m a l e  R 1.40 -0.41 0.30 -1.29 
p a r e n t s  (gj ) 
Kharif  S.E. Cgi) = 0.63 Cgjl = 0.56 Csi j )  = 1.25 
Rabi S.E. Cgil = 0.57 i g j )  = 0.51 b i j )  = 1.14 
* S i g n i f i c a n t  @=0.05) 
** S i g n i f i c a n t  (P=O. 01) 
Appendix C.lO: Es t imates  of General and S p e c i f i c  Combining ability e f f ec t s  fo r  
 particle^ _size Index i n  Kharif and pbi Exper+ts .  
Females GCA 
Males MA 5 MA 9 2077A 2 96A e f f e c t s  of 
males ( g i )  SCA e f f e c t s  ( s i j )  
* * * 
GCA K -0.75 -2.62 -0.44 3.81 
e f f e c t s  R 0.35 -3.15 2.31 0.50 
of fema- 
l e s  ( g  j 1 
Kharif S.E. ( g i )  = 0.70 (g j )  = 0.63 ( s i j )  = 1.40 
Rabi ( g i )  = 1.43  (g j )  = 1 . 2 7  ( s i j )  = 2.85 
S i g n i f i c a n t  B=0.051 
S i g n i f i c a n t  (P=0.01) 
~ p p e n d i x  C.11: Estimates of General and S p e c i f i c  Combining h b i l i t y  e f f e c t s  for  
Rolling Qual i ty  in Kharif and Rabi Experiments._ --
Males Females GCA MA 5 ,MA 9 2077A 296A e f f e c t s  
SCA e f f e c t s  ( s i j )  of d e s  (gi) 
* 
GCA e f f e c t s  K 0.37 0.46 -1.00 0.17 
o f  females R 0.43 -0.34 -0.17 0.07 
(91 
Kharif S.E. (g i )  = 0.25 (g j )  = 0.23 ( s i j )  = 0.50 
Rabi S.E. ( g i )  = 0.27 ( g j )  = 0.24 ( s i j )  = 0.54 
S i g n i f i c a n t  CP=0.051 
Siqnif  icant @=O. Ol1 
Appendix C.  12 : Estimates of General and Specific Combininq Ability effects 
for Gel Spreading in Kharif and Rabi Experiments. 
Females GCA 
Males MA 5 MA 9 2077A 296 A effects 
- of males 
(si)  
* 
GCA K -1.41 -1.00 0.84 1.57 
effects R 0.02 -1.38 1.35 0.02 
of fern- 
les (g j )  
Kharif S.E. (gil = 0.53 (gjl = 0.48 (sij] = 1.07 
Rabi S.E. Cgi] = 0.54 (gj) = 0.48 ( s i j )  =1.08 
Significant @=0.05) 
Significant @=O. 0.l) 
V I T A  
I, J o s e  Gera ldo  Eugenio d e  F ranca ,  was bo rn  t o  Mrs. Marili 
~ l m e i d a  d e  F ranca  and Mr. D a r c i  Eugenio d e  S i l v a  on  J a n u a r y  13 ,  1957 
in Limoeiro  d e  Anadia ( A L ) ,  B z a z i l .  I comple ted  my h i g h  schoo l  i n  
1974 from t h e  E s c o l a  P r o f .  J o s e  Q u i n t e l a  C a v a l c a n t i ,  A r a p i r a c a  (AL), 
B r a z i l  and o b t a i n e d  t h e  B.Sc. i n  A g r i c u l t u r e  from t h e  Un ive r s idade  
F e d e r a l  Rura l  d e  Pernambuco, R e c i f e  (PE) ,  B r a z i l  i n  1978. 
S i n c e  J a n u a r y  1979 I am working a s  a r e s e a r c h e r  a t  IPA (Empresa 
Pernambucana d e  P e s q u i s a  A g r o p e c u a r i a ) ,  C e r e a l s  P r o j e c t  and I m 
a s s o c i a t e d  w i t h  t h e  b r e e d i n g  a s p e c t s  o f  sorghum, maize  and m i l l e t s  i n  
t h e  Exper imen ta l  S t a t i o n  o f  V i t o r i a  d e  San to  Antao ( P E ) ,  B r a z i l .  S i n c e  
1980 I a m  a l s o  t e a c h i n g  Biology c o u r s e s  a t  t h e  Department o f  Biology o f  
t h e  F a c u l t y  o f  Educa t ion  o f  V i t o r i a  d e  S a n t o  Antao ( P E ) ,  B r a z i l .  
S i n c e  J u n e  1981  I am on d e p u t a t i o n  p u r s u i n g  t h e  r e q u i r e m e n t s  
f o r  a Master  Degree  i n  A g r i c u l t u r e  ( G e n e t i c s  and  P l a n t  Breed ing)  a t  t h e  
Andhra P r a d e s h  A g r i c u l t u r a l  U n i v e r s i t y ,  Hyderabad (A.P) , I n d i a ,  i n  
c o l l a b o r a t i o n  w i t h  ICRISAT, P a t a n c h e r u  (A-P) ,  I n d i a .  I have been 
c a r r y i n g  o u t  a r e s e a r c h  i n v e s t i g a t i o n  i n  b r e e d i n g  o f  agronomic and g r a i n  
q u a l i t y  c h a r a c t e r s  o f  sorghum under  t h e  g u i d a n c e  o f  D r .  L.R. House arid 
D r .  D.S. Murthy. 
I have  p u b l i s h e d  f ive  p a p e r s  a s  a co -au thor  i n  t e c h n i c a l  j o u r n a l s  
o f  B r a z i l .  
R e p o r t  o f  the  E x t e r n d  Examlnor  on t h e  t h e v i s  e n t i t l e d  
" k n e t i o  and o o m b i n l n ~  n b i l i t y  a n o l . y s i s  of some aRronolplc 
and g r a i n  q u a l i t y  c h a r a c t e r s  -h ~ o r k h u m  ( S o r  hum b i c o l o r  ( L . )  
~ o e n c h l  s u b m i t t e d  bv S r i  J o s e  G e r a l d o  ~ua* P r a n c a  
f o r  t h e  award o f  d e e r e e  o f  M a s t e r  o f  S o i e n c e  in A g r i c u l t u r e  
b y  t h e  Andhra P r a d e s h  A g r i c u l t u r u l  U n i v e r s i t y ,  I iyderabad,  
Sorghum i s  t h e  second  most i m p o r t a n t  food o r o p  of  
I n d i a .  From t h i s  p o i n t  of v i e w ,  t h e  p rob lem chosen  e s p e c i a l l y  
on t h e  e t u d y  of q u a l i t y  o h a r a c t e r s  i e  most  a p t  a n d  r e q u i r e d  
f o r  t h e  p r e s e n t  day c o n d i t i o n 8 .  There  a r e  v e r y  few r e p o r t 8  
and also  a t t e m p t s  t o  s tudy  t h e  g r a i n  q u a l i t y  o f  t h e  h i g h  
y i e l d i n g  h y b r i d s  a n d  c o n s e q u e n t l y  s e v e r a l  o f  t h e  h i g h  y  i e l d h g  
h y b r i d s  r e l e a s e d  in I n d i a  are n o t  p r e f e r r e d  f o r  human 
c o n s u m p t i o n .  I n  t h i s  r e g a r d ,  t h e  s tudy  u n d e r t a k e n  by t h e  
s t u d e n t  i s  t i m e l y ,  
The I n t r o d u c t i o n  is c o n o i s  and t o  t h e  p o i n t  and 
t h e r e f  o r e  t i s commendable. 
The Review of L i t e r a t u r e  i e  oomprehonoive g i v i n g  
o o n s i d e r a b l e  amount of I n f o r m a t i o n  t h a t  h a s  been  c o l l e c t e d  i n  
t h e  s t u d y  of sorghum g e n e t i c n  and a l s o  g r a i n  q u a l i t y  c h a r a o t e r s .  
The r e v i e w  c o u l d  have  been  s h o r t e n e d  somewhat by a v o i d h g  
r e f e r e n o e s  t o  m o t i o n s  l i k e  p r o t e i n  and amino-aoid c o n t e n t ,  
g r a i n  s t r u o t u r e  and on u t i l i s a t i o n  o f  sorghum f o r  f o o d .  
A l t h o u g h  t h i s  f o r m s  e x t r a  i n f o r m a t i o n ,  t h e  r e f e r e n o e s  do n o t  
p e r t a i n  t o  t h e  c h a r a o t e r s  s t u d i e d  by t h e  s t u d e n t .  
The m a t e r i a l  o o l l e c t e d  i s  of  o p t  h u m  s i z e  f o r  t h e  
e t u d y  and t h e  e x p e r i m e n t a l  l a y o u t .  R e c o r d i n g  of t h e  obee r v a t i o n e  
h a v e  b e e n  o o r r e o t l y  ahown. The s t a t i s t i c a l  a n a l y s i s  e e p e o i a l l y  
of t h e  oombin ing  a b i l i t y  h a s  b e e n  done w i t h  m e t i o u l o u e  c a r e  
and t h e  d a t a  p r e s e n t e d  a o o o r d i n g l y  . 
The R e s u l t s  have  b e e n  p r e s e n t e d  i n  a s y s t e m a t i c  mannsr  
l o g i c a l l y  and t h e  t a b l e s  and one  o r  t v o  d i a g r a m s  have  been 
p r e s e n t e d  p r o p  r l y  . 
The B l s o u s s i o n  i a  p r e c i s e  ' a d  t o  t h e  plnt and 
i n d i o a t e s  a e v e r a l  o f  t h e  i m p o r t a n t  findings w i t h  r e g a r d  t o  
g r o i n  q u a l i t y .  An a t t e m p t  h a e  b e e n  made t o  work o u t  t h e  
o o r r e l a t i o n e  be tween  t h e  grain q u a l i t y  c h a r a o t e r s  and t h e  
c o m b i n i n g  a b i l i t y  e f f e o t s  a n d  b r i n g s  o u t  c e r t a i n  c o n c l u s i o n s  
t h a t  w i l l  h e l p  t h e  p r a c t i o a l  b r e e d e r  in c o m b l n h g  abi%* h i g h  
y i e l d i n g  as w e l l  a o  good g r a i n  q u a l i t y  by f o l l o w i n g  a p p r o p r i a t e  
b r e e d i n g  me t h o d o l o t y .  I n  p a r t i o u l a r  t h e  o r o s s  623A r NR849 
h a s  p roduoed  n e a r l y  50% more y i e l d  t h a n  one o f  t h e  p a r e n t s  o f  
t h e  p o p u l a r  h y b r i d  BY CSH-5 v i e . ,  CS3541 b o t h  i n  t h e  k h a r i f  
s e a s o n  "and i n  t h e  rnbi ,-. 
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The s t u d y  c o u l d  hove o u g g e s t e d  as t o  how h*w+ 
t he  g r a i n  q u a l i t y  of t h e  such  h i g h  y i e l d i n g  kiybride.  
L< 
There  are-few t y p o g r a p h i c a l  and o t h o r  e r r o r u  which 
have been p o i n t e d  o u t  i n  t h o  d i f f e r e n t  pagee  and they m f i y  be  
a o r r e a t e d  w i t h  b l a c k  ink b e f o r e  p r e s e n t a t i o n  o f  tho t h e e i e  
t o  t h e  l i b r a r y .  
F i n a l l y  " I  recommend t h a t  t h e  t h e s i s  s u b m i t t e d  by 
Y* Mr-Jose  G e r a l d 0  Rugenlo  De Frmca be a c c e p t e d  f o r  t h e  
award o f  t h e  hgree  o f  M a a t e r  of  So ience  in  A g r i c u l t u r e  of  
the A n d h r a  P r a d e e h  @ r i o u 3 t u r & l  U n i v e r s i t y ,  I lydornbad".  
